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MBRYOLOGY is the most complex subject in the domain of 
science. Living beings are the most complex objects which 
nature offers us for study, and of this great class the higher animals 
exceed all others in complexity. The anatomist who studies the struc- 
ture of the adult has a finished apparatus to investigate; a machine 
which has been perfected, in which, to be sure, nature may still make 
repairs, but in the pattern of which she makes no radical changes. 
The physiologist deals with this machine at work. The embryologist, 
on the contrary, has for his theme the history of this machine and of 
its gradual production from a single cell and the progeny thereof. 
During the period of development the machine at every stage is a 
different machine from that which it was in the stage before and 
which it will become in the stage after, and yet in every stage it is 
actively at work performing its proper physiological functions. We 
have to deal not with a condition, but with a series of conditions, 
each of which is at once the consequence of that which went before 
and the cause of that which ts to follow. The final problem of 
ambryology is to determine the origin and cause of the structure of 
the living body, and meidentally it has to deal with the associated 
problems of teratology, growth, heredity and sex. 
We acknowledge the immensity of the questions for which em- 
brvological science must seck answers, but it is far from my intention 
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to imply that embryologists therefore are an order of scientists superior 
to all others. Embryology is so vast and varied that it offers prob- 
lems adapted, I might almost say, to every size of mind, and persons 
of moderate capacity, as well as those of the highest gifts of genius, 
can find adequate opportunity to gratify successfully in the field of 
embryology any demon of research which may possess them. 

Let us first consider some of the conditions upon which the progress 
of embryological science has depended. Of course the first and all- 
essential thing is the amount and quality of human ability which has 
gone into it. This is true of every science, as goes without saying. 
It may, however, be interesting to pause a moment, since contemporary 
events are directing so much of the interest of the world towards 
Russia, in order to point out that modern scientific embryology had 
its birth in that country, for the first step was the publication of 
the articles by C. F. Wolff on the ‘Theory of Generation and the 
Development of the Intestine in the Chick’; and the second and 
more important step was the publication of the great work of Carl 
Ernst von Baer, which may be said without exaggeration to have 
created by itself a new science. Von Baer’s treatise on the ‘ Entwicke- 
lungsgeschichte der Thiere’ is one of the greatest works in the whole 
history of biological science, and established the author's reputation 
as a genius of research. By the aid of improved methods a tyro in 
embryology may now verify von Baer’s discoveries, but there has been 
no one since von Baer, who could have approached with his scientific 
resources the magnitude of his achievement. Let us then honor his 
memory. Although Wolff and von Baer, both, were Russian subjects, 
they were of German descent, and we find indeed that throughout the 
greater part of the last century the advance of embryology was due 
chiefly to German investigations. 

How recent this knowledge is we are apt to forget. From 1800 to 
1840 the seminal animalcules were universally regarded as parasites. 
The facet that they are normal products of the testis and the true 
male sexual elements was first discovered in 1841 by the Swiss anato- 
mist von NWolhker, who was a leader in microscopical research for 
sixty-five years, and whose death occurred last year. Of Wolliker it 
may be asserted safely that he knew more by direct personal observa- 
tion of the microscopical structure of animals than any one else who 
has ever lived. He was much honored in Europe. The last time I 
met him was at the International Zoological Congress at Berne, in 
1894. It was most impressive to see all the members of the congress 
spontaneously rise to their feet when the handsome old man unex- 
pectedly entered the meeting. The fact that the spermatozoon enters 
the ovum and produces the so-called male pronuclenus, the union of 
which with the female pronuclenus completes the act of fertilization, 
was finally demonstrated only in 1875 by Osear Hertwig. These two 
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additions to our knowledge are so fundamental that we have become 
rapidly familiar with them, and easily forget how recently they have 
been added to our science. Many other illustrations of the newness 
of embryological knowledge might be given. 

The methods used by von Baer and by all his successors in em- 
brvology down to 1860, or even later, were exceedingly simple. They 
worked almost entirely with fresh material, hand lenses, and some- 
times with acetic acid to render the objects a little more transparent. 
The embryologists of that period were few in number, but they made 
many fundamental discoveries. I fancy that if the researchlings of 
our present luxuriously installed laboratories were put back into that 
time of lean resources, their publications would cease. As you know, 
the fundamental procedures in modern microscopical technique are the 
making of sections and the staining of them. The introduction of 
section cutting came about so gradually that its history seems to be 
lost to us. Many persons in the middle of the last century appear 
to have made sections by hand of various tissues. This was especially 
a practise among botanists. At first only fresh material was used, 
but it was learned that preserved material, especially that which had 
been properly hardened in alcohol, could be cut to greater advantage, 
and gradually the process of ‘ hardening’ before cutting became more 
and more common. So long as the cutting was done only by hand 
with that favorite unsuitable instrument of old days, the razor, no 
very fine sections were possible, save occasionally by some person of 
exceptional dexterity. The first microtome, so far as known to me, 
was that devised by Professor His and employed by him, about 1866,? 
for making serial sections of chicken embryos. Since then many in- 
ventors have contributed to the perfection of the instrument, and we 
now have the rather complex but very accurate and convenient auto- 
matic microtomes which are in such general use, 

With the aid of microtomes, we can make perfect series of sections, 
and by mounting the entire series from a given object, it becomes 
possible to examine every part of it under the microscope. In the 
case of embryos serial sections are invaluable. We have been form- 
ing in my laboratory at the Harvard Medical School a collection of 
such series of sections of vertebrate embryos. The total number of 
series at the present writing is 1,106, of which forty-nine are from 
human embryos. The total number of sections is probably over 100,- 
000, This collection has already served asthe basis of forty-two 
embrvological investigations and we trust that it will serve in the 
future for very many more. So far as I know the collection is unique 
in plan and extent. As soon as we are established in our superb new 
laboratory. into which we are about to move, we shall be glad to have 
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yon inspect our embryological museum. We value especially a fine 
human embryo which is in the youngest stage yet recorded by actual 
observation in Anierica. 

The history of staining is more definite. I have had the pleasure 
of hearing from Professor Leo Gerlach, Sr., himself the story of the 
introduction of coloring matters in microscopical technique. He was 
interested about 1857 in studying blood vessels, and wishing to trace 
them out by injection, apphed to a local apothecary at Erlangen for 
a suggestion of some red coloring matter, and the apothecary proposed 
that he should use an ammoniacal solution of carmine, the pigment 
extracted from the cochineal insect. Professor Gerlach employed it, 
and in examining some of his preparations later found that the color 
had soaked through the blood vessels into the surrounding tissues, and 
had stained them so that they were much more distinct, and he also 
noticed that the stain had especially affected the nuclei. Ile at once 
recognized the importance of this coloration as a means of rendering 
more clear the character of cells and tissues, and to him we owe the 
introduction of carmine into histological technique, and it remains 
to-day the most important and valuable coloring agent for our pur- 
poses which we possess. The introduction of carmine marks an epoch 
in microscopical science. It was most fortunate that the accidental 
observation of the action of carmine was made by a man so thoroughly 
able to appreciate its great value. Since then many other staining 
reagents have been introduced by many different persons. I need 
not pause now to enumerate them, or hold np your attention in order 
to give a list of names and dates such as could be easily compiled. 
I will only recall to your minds that the introduction of chloride of 
gold, of osnic acid, of the aniline dyes, and of the Golgi method have 
each of them represented the beginning of a fresh advance, which 
withont these added technical resources would undoubtedly have re- 
mained impossible for us. 

Another class of methods are those by which we reconstruct from 
eerial sections the anatomy of an embryo or an embryonic organ. To 
the late Professor His, of Leipzig, we owe practically the first recogni- 
tion of the value and possibility of such reconstruction. Ie employed 
chiefly the method of drawing, by which many figures have been made. 
The process is laborious, for each section must be drawn and then the 
position of the parts measured and plotted off—hut the labor is worth 
while as it results in accurate representations of the anatomy of parts 
which can not be dissected. I am in hopes that in our new Harvard 
Jaboratories that this method of reconstruction from sections will be 
apphed to the adult, for I am sure that we can obtain by it representa- 
tions of adult relations far superior to anything we now possess. 

Doubtless to many of you the method of reconstruction from sec- 
tions in wax models ix also well known and its value appreciated as a 
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means of giving us perfectly clear plastic conceptions of the arrange- 
ment of parts. The very ingenious wax-plate method was invented by 
the late Gustav Born, who conceived the happy idea of making wax 
models of single sections or parts of sections equally magnified in all 
three dimensions. It is only neccessary to pile sueh wax plates in order, 
one on top of another. to get a correct model of the whole object. 
The method is very widely used and in my laboratory, for example, 
has been employed recently by Dr. John L. Bremer to model the 
anatomy of a human embryo and by Dr. John Warren to model the 
developing brain. Such models are truly revelations to one who has 
studied seetions only. 

This is not a suitable occasion to review the history of the tech- 
nical progress of embryological science. I wish only to so far indicate 
it as may sutfice to direct your attention to the dominant importance 
of method in scientific problems. It seems to me that the greater 
part of the advance which is made from time to time in modern 
science is the direct result of either an improvement of old methods 
er the invention of novel methods. I can see in my own science clearly 
that this has been the case, and from what I learn about other sciences, 
infer that it 1s equally true of them. Viewed from the psychological 
standpoint, the vast majority of methods have a common purpose, 
namely, to present the results to the eve, so that we can see what the 
facts are with which we wish to become acquainted. When we make 
sections. it is in order to see the cells in their natural relative posi- 
tions, and with all their various characteristics. When we stain sec- 
tions, it is in order to make things visible which were before indis- 
tinct or perhaps invisible. When we make reconstruction or models 
it is to furnish again an image to the eve which we can not get from 
the actnal object itself. The eve, indeed, is the chief agent in col- 
lecting information for us from the objects by which we are sur- 
rounded. It is because they help out the eve that the microscope and 
telescope have counted for so much. The eve is almost the monarch 
of research, and reigns even more supremely over our relations with 
our surroundings than does the ear over our intercourse with our 
fellow men, 

The results of embryology for a long time remained rather meager, 
and when as a young man I went to pursue some of my scientific 
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studies in Germany, the principal text-book of the seience was a 
modest octavo volume by Professor Kélliker. Since that time (1875) 
the activity in this domain has increased by leaps, and is now enormous, 
and the latest handbook of the science, that which is in course of 
publication at this time under the editorship of Professor Hertwig 
of Berlin, will comprise cight volumes, each of which promises to 
exceed a thousand pages when complete: yet the work is only a digest 
of the researches upon the development of vertebrates and does not 
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deal with the invertebrates at all. This bald statement may give you 
some impression of the present vast extent of the science. 

What I wish to attempt on this oceasion is to seleet ont of this 
huge accumulation of discovery some illustrations of the way in which 
embryology has made contributions of practical value to medical science 
and medical practitioners. I have on another occasion spoken of the 
relations of science and the scientific spirit to medical education and 
practise, and on yet another oeeasion have discussed embryology as a 
basis of pathology, so that it seems unnecessary to deal again and 
before vou with these more general aspects of the situation, but J shall 
ask vour attention rather to certain more detailed and specific examples. 

Eyery science has its larger aims and purposes. Those of em- 
bryology may be classed not unnaturally under five heads. First, I 
shall group together those researches that refer to the general topic 
of generation, the production of the new being, the conditions under 
which it first develops, including, of course, for man especially, the 
relations of the fruit to the womb. Under this head are comprised 
phenomena of impregnation, problems of heredity, the origin of sex, 
the conditions of gestation and pregnancy, and the physiological causes 
of birth. 

Secondly, under the head of cytomorphosis we can put all the 
work which has been accomplished in tracing out the development of 
cells. The conception of eytomorphosis is one which has only reeently 
become clear to us, but it is one of the most fundamental notions of 
biological science, and one which every student of morphology, pa- 
thology or physiology must clearly grasp and keep constantly in mind. 
Cytomorphosis has been defined as the comprehensive designation for 
all the structural modifications which cells or successive generations 
of cells may undergo from the earhest undifferentiated stage to their 
final destruction. It starts with the history of the undifferentiated 
cell, considers all phases of differentiation, and in those cases where 
the process goes to its end, it follows out the final steps of the degenera- 
tion and destruction of the cell. The law of eytomorphosis is indeed 
the chief foundation of all anatomical and pathological science. The 
possibilities of modification within a cell are determined by the stage 
of cytomorphosis which is reached, and as it goes forward from stage 
to stage the possibilities of further change become more and more 
limited in accordance with the recently established law of genetic 
restriction. I have expounded my views on the importance of the 
laws of cytomorphosis for pathology in the Middleton-Goldsmith lec- 
ture for 1901 and need not now dwell longer upon the subject. 

Third, I should class the studies which refer to the germ layers, 
those lamine of cells which, as it were, occupy an intermediate place 
between the single cell and the organ. Thev correspond to the first 
orderly arrangement of cells which we have in the organism, and from 
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this tripartite arrangement the organs are fashioned. Of course, the 
fundamental morphological fact in regard even to the higher animals 
is the cell, but next to that we may place the existence of the germ 
layers, the complicated interrelations of whieh dominate the entire 
history of every mdividual alike in health and in disease. The com- 
prehension of the morphological importance of the germ layers and 
their relation to the production of tissues and organs and abnormal 
growths of all kinds is absolutely indispensable to every medical man 
who wishes to have an intelligent mastery of his subject. 

Fourth, we may place the strictly anatomical aspects of embryology, 
which give the morphological interpretations of organs and the ex- 
planation, as you know, of many anomalies of adult strueture. The 
anatomy of the adult offers to us many riddles, for numerous are the 
arrangements and characteristics of the body which we can not under- 
stand or explain from the study of the adult alone. The language of 
adult structure we often can not read unless we have first studied the 
Rosetta Stone of embryology which affords us the key of translation. 
As a teacher m a medical school, [ have again and again been pro- 
foundly impressed with the valne of embryology to the student of 
anatomy. Things which are obscure are illuminated by a knowledge 
of the developmental changes. In an embryo we encounter simplified 
conditions; secondary modifications eoming in later in the course of 
development not only add to the complieation of parts, but often also 
produce so great changes as to mask the fundamental and original 
relations. What student of adult anatomy alone could possibly dis- 
cover that the thymus gland is a modification of the lining epithelium 
of a gill pouch which exists as a poueh in the embryo and is homol- 
ogous with the gill pouch of a fish? Or what pure anatomist could 
ever have discovered that the spermiduct is the modified duct of a 
kidney present in the embryo, but which in the adult has as sueh totally 
vanished? If we pass from mere human anatomy to the larger and 
more scientific subject of comparative anatomy, we feel again the value 
of embryology, which establishes the real homologies of structure, prov- 
ing exact homologies from the study of the early stages of parts, which 
in different types become so unlike that their fundamental identity of 
origin is completely hidden. For example, without embryology we 
never should have known that the little bone of the ear which we call 
the mallens is homologous with the upper part of the lower jaw of a 
cartilaginons fish. Indeed, the stories which embryology has to tell 
are the most romantie known to us, and the wildest imaginative crea- 
tions of Scott or Dumas are less startling than the innumerable and 
almost ineredible shiftings of réle and changes of character whieh 
embryology has to entertain us with in her histories. I have been 
tempted to exclaim sometimes while pursuing mv science that in em- 
bryology only the unexpected happens. 
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Fifth and last. I should like to gather under the head of morpho- 
physics a number of researches, nearly all of which are very recent, 
and which taekle the doctrine of the chemieal and physical causes of 
development. These researches have been largely experimental im 
character. and though we are only at the beginning of this sort of 
work, vet the results already obtained are of the highest value and 
make us hope for far greater results to come. 

There should be added logieally a sixth heading for the physiology 
of the embryo, but so little has been done and so little is doing in thts 
part of biology that only in the future ean this logically correct sixth 
division correspond to a field of aetive research, Here poverty of 
achievement makes further present consideration by us superfluous. 

It is unnecessary to argue in order to prove to you that the study 
of generation is of importance to the medical man. The results which 
embryologists have already offered in solving some of the problems of 
generation form part of the stock in trade of every practitioner. for 
every one must know something of the uterns and placenta. must 
know that there is no communication between the feetal and maternal 
cireulation—no passage of the blood from the mother to that of the 
child: that there is no machinery for the making of so-ealled maternal 
impressions: that coneeption depends primarily upon the fusion of 
two living elements. the ovum and spermatazoon, which arise as living 
and integral parts of the parental bodies, and must know thus that 
there is a continuity of life, an earthly immortality. and that from 
generation to generation life is uninterrupted. All these notions and 
many others derived from embryology are now-a-days part and parcel 
of every physician’s information, and it is hard to realize that a short 
lime ago many of these facts were unknown to us. I believe that 
in the course of the next few vears many new discoveries concerning 
generation will be made which will in their turn beeome familiar to 
all. I expect especially in regard to the subjeet of heredity a great 
increase in our knowledge. because the subject has attracted many 
Investigaters and some notable results have already been achieved. I 
may instance the history of the germ cells in which I have been espe- 
cially interested. Professor Moritz Nussbaum on the basis of certain 
observations which he had made. put forward in 1880 the theory of 
germinal continuity. He pointed out that there is noteworthy evi- 
denee in the development of various animals tending to show that the 
cerminal cells from which the sexual products arise are separated off 
very early from the other cells of the embryo and undergo very litile 
alteration until the time comes for them to be transformed into sexual 
clements. male or female. as the case may be. Dr. F. A. Woods. work- 
ing m my laboratory upon the embrvos of dog-fish brought the first 
cenelusive demonstration that Nussbaum’s theory is true fer a verte- 
brate. He found that the germ cells are set apart, have a distinct 
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history of their own throughout the embryonic period and do not 
contribute in any way to the formation of any of the organs of the 
Lody. Since then Mr. B. M. Allen has discovered that the history of 
the germ-cells in the turtle is strikingly similar, and Dr. Woods is 
now engaged in tracing out the history in birds. Every one present 
will, of course, lminediately recognize the great importance of a dis- 
covery which tends to show that there is a permanent distinction be- 
tween the reproductive cells and the somatic cells which belong to the 
body and do not serve for reproduction. 

Concerning cytomorphosis I need not add anything to what has 
been said concerning its general value in pathological study, bur I 
should like to refer lriefly to the good results which we may anticipate 
from direct application of the notions supplied by embryologists to 
the investigations which are yet to be made upon what we may call the 
morphological diseases, in distinction to those which are of parasitic 
origin. Morphological diseases arise through intrinsic causes. ab- 
normal conditions due to the body itself and its reactions. Parasitic 
diseases have extrinsic causes. The dramatic—I might almost sav 
melodramatic—growth of bacteriology and the kindred sciences has 
caused us to give most of our attention to diseases of the infectious 
type caused by some vegetable or animal parasite. This tendency is 
to be so far regretted that it has rendered investigation one-sided and 
lured it away from the class of diseases which may be attributed to 
pathological evtomorphosis. In regard to these the fundamental 
problem is identical for the pathologist and embrvologist. It is the 
question of what and how the change in the strueture of the single 
cell may be. Here is a central problem about which a vast number of 
lesser problems revolve like satellites. In the solution of this and of 
allied problems our greatest hopes for the future progress of medicine 
seem to lie. If we can find out what are the conditions which cause a 
cell to change its structure and advance in its cytomorphosis, we may 
hope that that discovery will include the explanation of why certain 
cells develop abnormally and become, as we commonly say, pathological, 
and we are to have precise knowledge of the cyvtomorphic causes we 
may dare, even now, to hope that we shall learn to regulate them, and 
that some. at least. of the diseases which are now bevond our reach 
will come under our control. It was not long ago that the idea of 
conquering diseases like malaria, vellow-fever, diphtheria and tuber- 
culosis seemed a mere dream, a beautiful dream, vet control of them 
is now a reality, and is becoming almost daily more assured, complete 
and beneficent. So too in regard to the strictly morphological dis- 
eases, knowledge may bring mastery: and even sclerosis, that disease 
from which we are all assumed to be suffering in varving degrees, may. 
ere long. find itself subject to man. 

Of the services which embryology has rendered to medical science 


14 POPULAR SCIENCE MONTHLY 


within the last twenty-five years, the best known and probably the 
most important, certainly the most spectacular and unforeseen, is the 
revelation of the strueture of the nervous system and of the relation 
of the nerve cells to one another. This wonderful achievement has 
been due chiefly to the introduction of a single new method, named 
after its inventor Golgi, one of those brilliant modern men who prove 
that genius is still the gift of the Italian race. He was born at Cor- 
teno on the ninth of July, 1843. The method was first described 
in 1875 in an article on the fine structure of the olfactory bulbs. The 
method was so radically different from anything known at that time 
that it was treated with scornful ineredulity, and no attention was 
paid to the new invention which was destined to revolutionize our 
knowledge until it was introduced in Germany by Professor Kolliker 
in 1887. This marvelous method has been found to work best with 
embryos and has enabled us to trace out the form, including their 
ramifications, of the nerve cells and neurogha cells of the brain and 
spinal cord throughout their whole period of development. As you 
know, all our contemporary teaching in regard to the structure and 
functions of the central nervous system, our conceptions of the nervous 
mechanism within the central nervous svstem and in the ganglia, are 
based upon the results obtained through the appheation of Golgi’s 
method by embryologists. It is pleasant to note that in 1903 the 
completion of twenty-five years of teaching, and, by a happy eoinci- 
dence, the anniversary of his silver wedding, were celebrated by Pro- 
fessor Golgi’s pupils by the publication of his complete works, ‘ Opera 
Omnia, in three magnificent quarto volumes. Copies of this pub- 
lication ought to be in every pathological and histological laboratory 
in the world. Indeed, every text-book of anatomy, embryology or 
pathology published now-a-days is a memorial of Professor Golgi, for 
they are all abundantly supplied with figures of Golgi preparations. 
We may see in this history an illustration both of the value of the 
embryological data and also of the almost’ creative power of a new 
method. 

Degeneration has long been regarded as essentially a patho- 
logical proeess. This is the view which we have inherited. 
Nevertheless it is incorrect, as has been demonstrated by the more 
exact study of normal cytomorphosis during recent years. We now 
know that degeneration is to be looked upon as a normal end to a 
complete cytomorphic eyele. Instances of normal degeneration have 
long been familiar to us. Our mistake has been in overlooking their 
interpretation, their significance as part of the normal] life. Thus 
the horny layer of the skin is made up of degenerated cells. Cartilage 
when it is replaced by bone undergoes a normal degeneration. In 
short, we must regard pathological degeneration very much as we re- 
gard those plants which we call weeds, things which are growing 
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from our human point of view at the wrong time and in the wrong 
place, but which are not of themselves wrong or diseased, though they 
become so in man’s nomenclature by their mode of ocenrrence. This 
broader conception of degeneration affords a new foundation for 
further investigation, and by the hearty cooperation of the embryologist 
and the pathologist we may expect new enlightenment. 

The fourth head under which we classed the work of embryologist 
corresponded to the field of anatomical research. We all know that 
the embryological explanation of the anatomical disposition in the 
adult is a real and clarifying explanation. Certainly no teacher of 
anatomy to-day, competent to his work, will undertake to teach the 
structure of the brain, of the urogenital system or of the heart, except 
on an embryological basis. But there are a great many other an- 
atomical conceptions which may best be made clear if we start with an 
examination of the conditions in the embryo. My experience as a 
teacher has afforded me many examples of this. Let me mention a 
few. The arrangement of the great cephalic nerves is a subject of 
peculiar difficulty to the student, but by the examination of a few 
properly chosen sections through the head of mammalian embrvos all 
the essential topographical relations can be made easily understandable, 
and these essential relations are never obliterated by any further de- 
velopment. The disposition of the peritoneum is one of the greatest 
bugbears to the first-year medical student. But let him study the 
peritoneum in its relation to the viscera in the young embryo and he 
easily overcomes his diffieulties and gets a clear and correct conception 
of the topographical relations of the peritoneal membrane and is able 
thereafter to comprehend the secondary modifications by which the 
adult topography is so much complicated. So too in regard to the 
thorax, a few sections from embryos give definite and exact conceptions 
of the fundamental relations of the heart and lungs, the mediastinum, 
and of the pleural and pericardial membranes. A good student may 
obtain from such a section a visual image which he will earry with him 
thronghout hfe and which will alwavs serve to make clear in his mind 
all these anatomical relations. One more similar instance may suf- 
fice. Students are always perplexed by the nature and mutual con- 
nections of the three membranes of the spinal cord and brain. Here 
also experience convinces us that sections of embryos reveal the facts 
so perfectly that they are readily comprehended and not easily for- 
gotten. But I think I need not argue further to convince you that 
embryology as an aid to anatomical study is of inealenlable value, and 
ought, if we are to do our anatomical teaching conscientiously, to be 
included in every medical curriculum, 

Not infrequently the study of embryos establishes entirely new 
anatomical conceptions. An instance of this is offered by the study 
of blood vessels. We have learned in recent years that in addition to 
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the long recognized arteries, veins and capillaries, there is another 
class of blood vessels of great importance. These vessels are called 
sinusoids and to a certain extent resemble capillaries, but their de- 
velopment and their relation to the parts of the organs in which they 
occur are entirely different from those of true capillaries. A sinusoid 
is developed by the subdivision of a single large vessel. It consists 
of endothelium, but that endothelium rests directly, or almost directly, 
upon the cells of the organ in which this type of vessel occurs. Capil- 
Jaries, on the other hand, are developed as small buds from preexisting 
vessels and are always found in connective tissue. The most important 
organ in which sinusoids occur is the liver, and the peculiar circulatory 
arrangements in that organ, which have so long seemed singular and 
puzzling, have become comprehensible, and have acquired greater 
significance since the conception ‘smusoid’ was established. This 
newly formed conception has unlocked the mystery of the portal cir- 
culation, and has explained the supply of venous blood to the liver. A 
morphological explanation of the portal vein had previously remained 
impossible, 

To the fact that embryology explains many anomalies of the adult 
structure, we have already referred. Let us leave out of consideration 
the true monstrosities and confine our attention for the present to the 
anomalies, which are due to arrest of development. These are com- 
paratively frequent, and many of them are so definite we may fairly 
call them typical. Such, for instance, is the preservation in the adult 
of the foramen ovale between the auricles of the heart, or of the open 
ductus arteriosus by which blood of the pulmonary and body cireulation 
may mingle. In case of the veins also an arrangement of vessels is 
often found in the adult which is due to the persistence of a truly 
embryonic condition. The urogenital system seems to be peculiarly 
subject to arrests of development. When it starts the rudiments for 
both sexes are complete and the two sexes become differentiated largely 
by the obliteration in the individual of one sex of those structures 
which are characteristic of the other, but not infrequently it happens 
that this law of suppression is disturbed, and we then get very mter- 
esting and significant anomahes with which the physician often has 
practically to deal. Such cases do not produce a true hermaphroditism. 
That is a condition which apparently may oceur in the human species, 
but is of the utmost rarity. Among other of the most frequent and 
familiar illustrations of arrested development I will mention cleft 
palate and hair lip. It is quite unnecessary to prolong this list, for 
it is evident that the anomalics we are considering are of a definite 
prescribed nature. They are all of practical importance to the physi- 
cian, and unless he knows something of embryology he can not know 
what these probable anomalies are. Jf he does know something of 


BMBRYOLOGY AND MEDICAL PROGRESS 17 


embryology he can understand much of what may be expected um this 
class of yariations of structure. 

We will turn now to the fifth and last of our headings, that of 
morpho-physies. It is only of recent years that methods of experi- 
mentation, as distinguished from methods of observation only, have 
been applied to embryological problems. Natvrally under the eireum- 
stances many erude experiments have been undertaken, many of 
doubtful validity: but there have also been many others, soundly 
planned, rightly executed and frnitful in results. Already the new 
conclusions constitute an increment both large and precious to our 
stoek of embrvological knowledge. One important class of these ex- 
periments has been based upon the discovery of the possibility of 
grafting parts of amphibian embryos on to one another; or to get two 
large pieces of two distinct embryos, or even two halves of two embryos, 
to grow together. The grafting experiments which have already been 
made are very numerous. Let me present one or two examples of the 
sort of results that these experiments vield. If the halves of two 
species of frog in a very early stage are grafted together, they will 
unite perfectly, but it is found that the epidermis of the species which 
forms the anterior half of the graft will spread to a certain extent over 
the posterior half, thus showing that the skin can actually crawl over 
the underlying tissues. It is probable, indeed, that the migration of 
epithelial cells along the surfaces upon which they rest ix a very general 
phenomenon, and plays a very important part in the animal economy. 
In another series of experiments the embryonic optie vesicle has been 
removed and grafted on to a new part of the larva. Where the optie 
vesicle comes mm contact with the epidermis it causes the epidermis to 
form a typical lens for the eve. Thus it is proved that the formation 
ot the lens is not a specific function of that part of the epidermis from 
which it is normally produced, but is a potential function of the entire 
embryonic epidermis which may be called forth ito aetivitv by con- 
tact with the growing optic vesicle. IT believe that we have in this 
an illustration of one of the fundamental principles of the cstablish- 
ment of structure and that much depends upon the interaction and 
mutual stimulation of parts. 

Another class of experiments has been conducted hy those who 
have heen somewhat jocosely named the * egg shakers.” An egg during 
an early stage of segmentation is divided artificially into its natural 
~eguents, or into groups of such segments, as the case may be. In 
many cases this division can be accomplished by shaking the eges 
somewhat violently so as to break the segmentation spheres apart; 
henee the name above quoted. Now it has been demonstrated that in 
some caxes fraginents of a single ege will develop into an embryo per- 
fect apparently in structure. though only of say half the normal size, 
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Whereas in other cases half an egg will develop only into half an 
embryo. Investigators are still busy studying out these results, the 
final interpretation of which has as yet by no means been reached. 
The experiments bave opened to us a new realm of inquiry full of 
astonishing surprises. 

[experiments on artificial parthenogenesis have been much written 
about in the daily press, and many absurd things concerning this 
topic have been printed in the newspapers. Ordinarily the ovim re- 
quires to be fertilized in order to develop, but it has long been known 
that certain ova, of bees, of plant lice, of some crustacea and of other 
animals will develop withont being fertilized. To this process the 
ierm parthenogenesis has been applied. Artificial parthenogenesis 
designates the development of unfertilized ova which normally would 
not develop at all and whieh are stimulated to development by placing 
them under artificial chemical conditions. Doubtless many of you 
have seen in the newspapers these experiments referred to as if they 
gave the actual creation of life. Of course that is nonsense. The 
life is there in the ovum. What artificial parthenogenesis aceomplishes 
is to supply a stimulus, chemical in nature and capable of replacing 
the fertilization by the spermatezoon, which wonld otherwise he neces- 
sary. The possibility of artificial parthenogenesis was first partially 
demonstrated by Richard Hertwig, but has been perhaps more studied 
by Professor Loeh, now at the University of California, than by any 
one else. Hertwig produced artificially only a development of very 
limited degree, but Loeb by treating the eggs of a sea-urchin for about 
two hours with a weak solution of magnesium chloride sneeeeded in 
1809 in produeing Jarval sea-urchins (so-called plutec) from unfer- 
tilized ova. He conclides from this that fertilization is a chemical 
process, and that it is distinct and separate from hereditary trans- 
mission. No words of mine are needed to emphasize the importance of 
such investigations, for they are basie. 

A Tine of work combining experimental and observational methods 
in which [£ have been especially interested deals with the problem 
of growth. Tt can be shown statistically that the growth of the embryo 
in carly stages goes on at an enormous rate, and also that durmg the 
period of feetal development that rate is constantly declining, so that 
something over 98 per cent. of the growth power is lost by the time 
of birth. After birth declne in the growth power continues, but 
gradually the dechne becomes slower and slower, so that though growth 
is slight in rate, the growth power 1s long continued. A study of the 
condition of cells while this decline of the growth power is going on 
reveals to us that while the growth power is rapid the nucleus of the 
cell is active and well developed, and that the protoplasm of the eell 
is but slightly developed. As the proportion of protoplasm im the 
cells increases the power of growth diminishes, and as differentiation 
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of protoplasm goes on the power of growth diminishes. [consider it 
probable that the growth and ditferentiation of protoplasm is the direet 
cause of the diminution of the growth power. The observations on 
growth bring out clearly to our minds the conception that the decline is 
hy far the most rapid in the very early periods of embryonic develop- 
ment or, better expressed, that the rate of decline is at its maximum 
curing the earltest periods. The older the individual becomes the less 
is the power of growth, but also the less rapid is the decline in that 
power. Thus we reach the paradoxical coneeption that the period of 
most rapid development is also the period of most rapid decline. This 
view, it seems to me, applies to all development, at Teast in the higher 
animals. As [ have spoken on this subject more fully elsewhere, I 
will not pursue it longer now, but it seemed to me desirable to refer 
to it as an illustration of the far-reaching character and wide scope of 
embryological investigation, which imevitably allies itself with every 
other biological science. 

It would be no ditfienlt task to extend my discourse by multiplying 
illustrations of the beneficial influence of embryology upon other de- 
partments of medical science. It is one of the institutes of medicine 


a part of the foundation of knowledge upon which medical practise 
is erected. 

Embryology supplies facts whieh are directly valuable to the prac- 
titioner. It supplies explanations and interpretations of many ana- 
tomieal structures and relations which would otherwise remain imcom- 
prehensible. It supphes the clues to many common and rare anoma- 
lies. and it supphes to pathology a series of fundamental conceptions, 
without which our actual present pathological knowledge could not 
have been upbiailt. These claims of embryology to recognition are 
very great, but nevertheless they do not inelude her greatest claim to 
a preeminent place among the medical sciences. That greatest claim 
is established in my opinion by the contributions of embryology to the 
solution of the problem of organic strneture. 

Structure is the only distinetive mark of living bodies, by which 
we know them to differ from inanimate objects. In the final dis- 
crimination between living and dead all other distinctions fail us or 
at best are utterly uncertain. In the higher forms we see differences 
of function always correlated with visible differences of structure. 
From such evidence, together with muneh other. we have established 
the hypothesis or theory—for at best it is only a theory—that all living 
functions are dependent upon organic structure. It is quaint, we may 
remark in passing, to read in recent essays by a learned German 
botanist the announcement of this theory, winch the vast majority of 
hiologists have long adopted. as a new foundation for biological phi- 
losophy. beeause he terms the ultimate unknown facts of structure 
‘Peterminanten. Tow often bas science been impeded by the intrn- 
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sion of a pedantry which mistakes the invention of a new term for 
the introduction of a new idea! 

To find out what structure really is is the goal of all biological 
science. When we discover this secret, we may hope to discover also 
low structure functions and why it exists. The problem of strueture— 
ef organization—is double; there is first the question, what are the 
essential qualities of the structure of living matter as such, and there 
is, second, the question of the variations and specializations, which 
structure may undergo. With both of these questions embryology is 
confronted and both of them it is seeking to answer. The first is 
the riddle of life. Embryologists are bravely attacking it and have, I 
believe, already made a little real progress towards its solution. To 
them it presents itself as a series of queries concerning the germ-cells 
and the fertilized ovum. Searching analyses of the details with the 
highest powers of the imicroscope and the most refined technique 
coupled with experiments have indeed increased our knowledge of the 
organization of the germ cells. America, thanks to the brilliant work 
of EK. B. Wilson and E. G. Conklin, and of their associates and fol- 
lowers, oceupies a leading position in this difficult exploration. The 
importance of knowledge of the fundament of organic structure can 
hardly be exagecrated, and when it is obtained it will, T may prophecy, 
have profound far-reaching and enduring effects wpon all medical 
selene, 

Even more intimately is embryology occupied with the second part 
of the problem of structure, namely, the question of differentiation, 
i.e, of the gradual production of the varied organization of the adult 
with almost innumerable unlike parts. To-day the central problem of 
biology is that of differentiation, and the main purpose of cotemporary 
embrvological research is to attack that problem. he problem is 
three-fold, for we must learn what differentiation is, how it is pro- 
duced, and why it is produced. Embryology might almost be termed 
the science of organic differentiation. Now all that you do, as prac- 
tising physicians, is to deal with differentiated organs and tissues. You 
deal with a function, normal or diseased, which is rendered possible by 
the differentiation of cells. You deal with pathological states, every 
one of which has its special differentiation. Every phenomenon which 
vou encounter in your professional work is conditioned by the differ- 
entiation of the organic living substance. To regwate that differ- 
entiation, to set it right when it has gone wrong, is the brightest 
vision of future human power which I can conceive, and IT can not but 
think of embryology, which strives unceasingly to discover the laws of 
differentiation, as that Institute of Medicine which is to be the founda- 
tion of a greater practical medical progress than any vet achieved. 
The physician's knowledge is the mother of mercy. 
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lice requires very little imagination to picture to our eves the aston- 

ishment of the inhabitants of the older portions of the earth at 
the fall of meteorites in days before scientific knowledge had reduced 
them to ordinary phenomena. What could be better calewated to 
excite admiration and reverence than a luminons missile suddenly 
passing athwart the sky, accompanied by detonations, and almost simul- 
taneously reaching the ground?’ Was it remarkable that superstition 
quickly enclosed them in its mesh of fable and faney? Believing that 
the gods were accustomed to deseend upon the earth, these visible appa- 
1itions of flame might not unnaturally seem to them the vehicles. or at 
least the portents, of their descent. 

In fact, a series of interesting medals or coins struck off to com- 
memorate these nnusnal visitations has been found amonest Roman 
and Greeian antiquities, which have been styled “Betyl Medals. from a 
supposed reference to the Hebrew ‘ El Bethel? the house of God. thus 
implying that the meteorite was indeed. by contemporaries, regarded 
as a supernatural objeet. 

Science and observation have long ago determined their cosmic 
nature, and while opinions may still vary as to their exaet origin, their 
actual constitution is well understood, and their source, in extra- 
terrestrial streams of moving matter, recognized. 

These strange ohjeets have not diminished in interest because their 
miraculons origin has become a myth. On the contrary, science, by its 
exhanstive research, has placed them in the very front rank of objeets 
that exeite most vividly the imagination of the investigator, When 
science, In a perfectly rational way, speculates upon the possibility of 
one of these celestial visitors having passed through stellar space at 
measureless distances from our planet. exposed to inconceivable degrees 
of cold, and again at another time and place in its long transit to have 
encountered the most intense heat mn the neighborhood of the sun, it 
requires little more suggestion to make it clear why they are to-day 
placed amonyst the most prized speciinens In mineralogical collections, 
The little further sugeestion required to awaken the lav mind te a 
vivid realization of their interest is contained in the modern conception 
of their origin in dismembered comets, or even disrupted worlds. 

Museums and individual collectors have vied with each other in 
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securing meteorites, and the details of falls, their date and locality, the 
comparison of types of meteorites, their mineralogieal components and 
their many physical peculiarities have been so carefully recorded and 
studied that a special science has resnited, and a special group of 
students, whose rivalry is more animated than that generally discovered 
elsewhere amongst collectors of one kind of natural object. 

The collection and the collector of meteorites have, with few excep- 
tions, been features of the nineteenth century only. Previous to that 
these wonderful objects clictted surprise, and perhaps superstitious 
regard. Only within the nineteenth century did their careful com- 
parison and study begin. All such collections as the great cabinets of 
Vienna, London, Paris, Berlin and the many smaller ones distributed 
through Europe have been slowly formed, the actual supply of material 
being dependent on meteorological incident and the results of travel 
and observation. In America, the larger collections at Yale, Harvard, 
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Amherst and Washington were very gradually bronght together. There 
was no coneentrated effort made to extend then: the scientific thought 
of the last century, exeept towards its close, had not keenly awakened 
to a realization of the almost marvelous connotations implied in these 
strange aerial vagrants, and the opportunities for their discovery had 
not been actually availed of. 

No one in the United States has exhibited greater perseverance and 
a more boundless, almost reckless, enthusiasm in this work of col- 
lecting meteorites than Professor Henry A. Ward. Ils audacity and 
zeal have gone hand in hand with a very keen scientifie sense of the 
meaning of meteorites, and an admirable acquaintanee with the liter- 
ature and the results that have developed in their study. 

_ Te has himself been an explorer in this field, and it would be safe 
to predict his first arrival at the scene of any new meteorite’s fall 
to-day. His correspondence is extensive, and the merest mention of 
a meteorite occurrence thes to his desk, and is very quickly subjected to 
his pertinacious system of verification or exposure. 

The Ward-Coonley collection of meteorites now exlnbited at the 
American Museum of Natural History represents his tireless work 
through many years, and stands to-day first amongst the collections of 
meteorites in this country. In ihe possession of large, unique masses, 
other eolleetions may at points excel it, but in its representative charac- 
ter and in the actual number of ‘ falls” it surpasses all others. The 
reader wnaequainted with the peenliar pride of meteorite collectors 
may, perehanee, weleome a little elueidation. 

Meteorites are named from the locality in which they fall, or are 
found. But few meteorites have ever been seen to fall, and hence the 
meteorite mass, when discovered, is given a name (by which it is ever 
afterwards distinguished) that is derived from its exaet locality or 
neighborhood. Thus Canon Diablo, Arizona, Miney Taney Co., Mo., 
Brenham, Kansas, Mocs, Transylvania, Estherville, Emmet Co., Iowa, 
are familiar Jabels m these collections. These designations sometimes 
of necessity assume a curious character, as the Vaca Mnuerta meteorite, 
or ‘dead cow. so named in the desert of Atacama, Chili, from its 
proximity to the corpse of that quadruped, the only, or at least a stri- 
king, physical feature in an otherwise featurcless waste, Such a name 
remains after its origin has disappeared. 

A certain number of localities, however, have frequently proved to be 
lut representative of a prolonged fall. A meteorite mass, meeting the 
atmosphere of our earth, becomes, through friction, enormously heated, 
disruption takes place. and the separated parts, instead of falling at 
one spot, are dropped in succession at widely removed points, and thus 
a series of names becomes synonvmous. Long examination and careful 
eomparison, such, for instance, as Fletcher, of the British Musemm, has 
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devoted to the Mexican falls, or Dr. Brezina, of Vienna, to those of 
Europe, only can correct erroneous nomenclature of this kind. 

Again it is entailed, in the trials of a collector’s work, to find some 
of his ‘ falls* spurious, that the specimens are illegitimate or are ter- 
restrial; an accident which may awaken irreverence in the lay mind, 
but which has sent a shock—often salutary—throughout the commu- 
nity of * star-gatherers.’ 

All falls or finds are recorded—generally in a description author- 
tiatively made hy the finder or a scientific acquaintance—and the cb- 
jective goal to be reached by collectors is to have a representation of all 
such occurrences. Obviously size or weight is significant, and it is not 
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vainatural for a lavinan to insist upon the superionty of a smaller col- 
lection with handsome examples over a larger collection where the spec- 
imens are diminutive or iusignificant. The masses of various localities 
differ also greatly m size, the amount of material falling varying enor- 
mously in different falls, and so the value of a particnlar kind of 
rneteorite is conditioned upon its mitial size. It is quite evident that a 
mass of one thousand grams will not admit of such attractive subdi- 
Vision as one of five thousand, and, in the ease of the Angra-dos-Reis 
¢ go 
round. The Angra-dos-Reis unit also possesses peculiar lithological 
features, which naturally enhance the value given to it by its physical 
diminutiveness. 


aerolite, one of the rarest of meteorites, there is not enough to 
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Colossal intruders from space, such as the Anighito, brought by 
Peary from Greenland and weighing (ealeulated) over forty tons, the 
Mexiean Baecubirito of similar weight, and the large Chupaderos mon- 
ster, weighing over fifteen tons, while easily distributed to collectors. 
will eventually weigh more significantly as unique features in their 
entireness in the museums destined to receive and install them. 

Tt is desirable to call close attention to the admirable results of 
Professor Ward’s labors, and to emphasize the preeminence the Ward- 
Coonley collection now takes in American cabinets. 

Professor Ward has taken every possible pains to perfect and 
enlarge his collection. Ife has purchased and exchanged, and has 
traveled the world seeking almost inaccessible masses to obtain new 
exainples. An instanee of the latter was his exploit in reaching and 
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unearthing the Bacubirito tren in Mexico, and a more recent venture 
in studying the anomalous features of the Willamette iron in Oregen 
under severe meteorological drawhacks. 

This collection has been signalized hy the most striking comph- 
ments from original workers and directors of museums in Europe, 
Professor Carl Wlem, the state counselor and direetor of the Roval 
Mineral Collection at Berlin, has referred to it as ‘one of the finest 
and richest meteorite collections m the entire world *: and Dr. Brezina, 
the most famous student of these objects. writes: “ Professor Ward 
has succeeded in reaching the highest number of locahtics now united 
In any collection. T count up to this day 689 localities described or 
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mentioned, twelve of which are dubious for want of preeise dates. 
From the remaining 677, [ find 603 represented in his list, while the 
great Vienna collection gives but 557, counted in the same manner. 
The average weights are likewise highly satisfying, the total average, 
viz: the whole werght of the colleetion divided by the number of loeal- 
ities iy over four kilograms (now 4158 grams) for the locality.” 

This is the analysis of a technical expert. and might perhaps but 
poorly reflect the impressions of one less solicitous about pereentages 
and exhaustiveness. The ocular view must be considered, the sensible 
visual effeet of interest and wonder. In this respeet the Ward-Coonley 
collection is eminently adequate to extort praise. It 1s now arranged 
m seven beautiful eases at the north end of the Hall of Geology at the 
American Museum of Natural History, and the specimens classified in 
their three groups of iron (Siderite), iron and stone (Siderolite), and 
stone (Aerolite), present their extended, yet thick and elose ranges, 
most effeetively to the spectator. Superb polished slabs, etched and 
developed, follow one another in the stepped series; and the bewildering 
number of acrolites, many large, and showing that mvalnable and (to 
the eve of the collector) most exquisite test of certamty, the dark glis- 
teming crust of fusion, sneceed. installed upon attractive mahogany 
standards: while a supplemental section of casts, reveals the original 
form and appearance of many celebrated or singular meteorites. 
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The assemblage is a striking and foreible tribute to Professor 
Ward’s enthusiasm and persisteney. A moment's reflection upon the 
order of events in the listory of this great American colleetion of 
meteorites is not withont interest. Professor Ward had been known 
as the indefatigable explorer of the continents and seas of the earth 
for all kinds of natural objects 
by which our American mnsenms 
have so largely profited, but it was 
not until he had disposed of the 
ereat collection of natural history 
specmens which he exhibited at 
the International Exposition at 
Chicago in 1893 that he felt free 
to seize an individual field of 
study and enterprise. JLis mind 
had been deeply moved by the ap- 
peal made to it by these mnte 
messengers from space, and a ecr- 
tain challenge offered by them to 
his ingennity and slall to find and 
possess them. He gave himself 
over literally to this pursuit with 
a single-minded persistenee that 
only suecess could reward. Pro- 
fessor Ward has played the part 
of erchanger to its fullest limits. 
Tn this he has acted upon a very N'GOUREMA METEORITE, SoC CENTRAL 

AFrRica. Fell June 18, 1900. 
acute design. In all large mn- 


sens and with most active collectors, there are specimens that, as Pro- 


fessor Ward puts it, “money could not dislodge.” Only the actual offer 
of pieces as rare, or more rare, and to whieh all approach was abso- 
Iutely closed, except by the avenne of exchange, could displace them. 
Under such pressure Professor Ward has happily gathered into his 
possession many a piece of celestial tron or stone, whieh otherwise 
wold) have remamed as immovable as Fitz-James before his less 
capable assailants, 

But practical and effective as has been exchange, as a means to an 
end. the infallible eftieacy of money has been no less powerful. The 
actual expenditure has been very great, and in this pursnit. as in war, 
the cost for a successful issue must not be counted. Professor Ward 
enjoyed two unusual opportunities for snddenly mereasing the size of 
his eollection. The Gregory colleetion in England and the Siemaschko 
collection in Russia, vying with each other as the largest private eol- 
leetions in Europe, fell into his hands at the death of their owners, and 
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from these treasuries he filled the gaps. and enriched the precious con- 
tents of his own. I1is collection is one of increasingly rapid growth, 
and illustrates the quantitative results of single-minded effort, pre- 
cision of attack at vulnerable points and prodigality of purchasing 
power in a scientific warfare where the victor only receives the congrat- 
ulations of his gencrous competitors. 

Looking over Professor Ward’s recently published catalogue, some 
concluding facts in this summary are mteresting and convincing. In 
an introductory paragraph of his catalogue (10904) the author savs: 
“'Phe geographic sources of the collection are world-wide. Australasia 
and Asia, Africa and South America. are represented each by 95 per 
cent. of all their known meteorites, while North America and Europe 
bring up the train with 99 per cent. of the former and 97 per cent, 
of the latter. No collection in the world can say of itself more than 
this. Attention is particularly drawn to the series from Japan, Aus- 
tralia, Russia and Mexico, It is only within the last decade that the 
rare and interesting meteorites from these countries have been largely 
distributed. To-day it 1s true that in no collection in any one of these 
four countries are there so many kinds from that country as are repre- 
sented in this collection.” The catalogue further notices that in this 
remarkable collection thirty falls, irons and stones, represent the largest 
single piece of that fall to-day known. 

The final impression left from an inspection of the Ward-Coonley 
collection is one of admiration and of natural astonishment that so 
complete an assemblage of these valuable and coveted wanderers from 
space could have been gathered together by the activity and industry 
of one individual. Their acquisition places the institution that receives 
them among the four most important meteorite depositories m_ the 


world. 
SUMMARY OF THE COLLECTION, 

Total mumber of falls and finds. 0... 00000000000. cee ee 603 
(Siderites 241; Siderolites 28: Aecrolites 35-4. 
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Total weight of entire collection 2.405.429 evams (= 5.500 pounds). 

Average weight of each kind 4.158 erams (= 91/9 pounds). 

Average weight. counting nothing over 50 kilograms to a kind, 1.746 
eras (== 3 4/0 pomuds). 

Total number of specimens, about 1,600. 
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(BetnG Furrirer Extrracts From THE Recorps oF THE ASTRAL 
CAMERA CLUB OF ALCALDE) 


By PRESIDENT DAVID STARR JORDAN 


STANFORD UNIVERSITY 


Ae the December meeting of the Astral Camera Clnb, through the 
courtesy of Madame Yda Hhateh, of San Diego, vice-president of 

the American Chirological Society, the club received a rare treat, direct 
from the fountains of the Orient. 

Madame Hhatch is an adept in the science of palnustry and therefore 
a person of wealth and culture. She is pleased to exereise her gracious 
prerogative of patronage to scholars of all lands and of all beliefs. 
By her kimdly interest the club was favored with an address by the 
Swami Ram Telang, of Bombay, from the Congress of Religions in 
Chicago, the substance of which, omitting the Hindu words I ean not 
understand, I shall try to transfer to these records. 

The Swami Ram Telang is a slender, dark-skinned Brahmin, with 
a delicate moustache and a complexion of varnished leather. His 
finely cut mouth bears an nnpress of sweet patience, while his dark 
soulful eves have a deep inward expression, as though earthly matters 
were but a veil, half hiding the light of the inner vision. He wore a 
white turban after the manner of his class, and his white and purple 
robes were very becoming to his gentle but manly figure. Madame 
Hhatch impressed upon us the importance of refraining froin all eon- 
tact with these robes. for a profane touch would soi} his aura. besides 
Mnpressing the severest pam upon his sensitive Nirvanie nature. For 
hike reason he must be sheltered from the odor of cooked meat, while 
even the shghtest approach to a butcher's shop on the street caused him 
the nausea and shudders. As he himself confessed, the perfection of 
being which he had attained was not an unmixed blessing, for the 
proofs of sorrow and suffering were ever in his sight. * Why hast thou 
cast Ram.” he said sometimes to his Lords of Karma, “ into the time of 
the ever-blind to proclann thine oraeles with the opened sense?" But 
he was very kind withal and very patient and aceepted with kindness 
our offerings of adulation. 

Tn this, my report, | ean do but scant justice to his spoken words, 
for though [ am not without literary taste and facility (thongh T say 
this, who should not) there was something in the lofty ideas and perfeet 
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expression In the measured words of this gifted young Brahmin which 
is beyond any effort of mine. 

He began by an account of the five usually accepted planes of 
existence, the physical, the astral, the devachanie, the shushuptie and 
the nirvanie. But to limit these planes to five was, he said, ‘a great 
error, introduced into our philosophy by the too practical British mind 
which even im esoteric matters is crowding to the wall the finer under- 
standing of the Ifindu. The sole perfeet number is seven and there 
must be seven planes and in his own experience as a wayfarer to 
Devachan and Shushup, he had always and ever found it so. Above 
the astral plane, already familiar to us at Alealde lay the etheric plane, 
as the ether lies beyond the stars, while still bevond is the omnic plane, 
ihe Loka of the Perfeet Silence. 

Of the etherie plane, he chose to speak to us. He first emphasized 
the fact that all these planes and the things they contained are real, 
“as real” he said, as the American Hotel on the main street of Alealde,’ 
As all dreams came from emanations or exeursions into these higher 
planes, all dreams and their contents are real also. In fact, there is 
no apparition which is false or illusory. ‘The only illusion is the 
denial, and denial is the essential characteristic of that western phi- 
losophy, which is bhighting the earth and changing it from a sphere of 
dreams and happiness to a world of war and commerce washed by a sea 
of aimless discontent. This is the natural etfect of life on a physical 
plane. It leads to idle strife and constant struggle, as its greatest 
exponents have freely admitted. and its only hope of progress is in the 
killing off of all those who are useless in war and unskillful in making 
trades. 

The scenery, inhabitants and actions in each of these seven planes are 
in part peeuhar, each to its plane. In part they are the doubles or 
phantoms of the objects found in the plane next lower. For the finer 
matter of the Iigher planes permeates and penetrates the coarser ob- 
jects of the planes below. Hence it transpires that to one in the plane 
below, the higher object, if he is aware of it, seems like a shadow or a 
phantom. Because he can pass through it is lis argument for its un- 
reality. But in like measure, to the astral or ethereal being the 
physical man seems quite as unreal, for with equal ease the being can 
walk through and through him, injuring him or helping him, just as he 
may elect to choose. By such means an evil-minded shadow may work 
dire revenge for injury done in another plane. 

The higher the plane the more illusory the impressions we derive 
from it, not beeause of their unreality, but because of onr own lack 
of training. For on the higher planes. objects change their forms with 
protean swiftness, casting a dazzling glamour from their aura as they 
change: again, sight on the higher plane is very unlike physical vision. 


¢ 


Even so Jow as the astral plane the inside of any solid object is as 
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plainly open toe the eve from the outside, and all objcets near or far 
are seen alike without perspective. The fourth dimension, the dream 
of geometry, is plainly visible and in the omnie plane is eleariy seen a 
fifth or sixth dimension. With these chanees for error, it is not strange 
that the Feringhi, or English writers, on the higher planes have made 
frequent errors, while even the Hindu adept is never quite infallible. 
As a preparation for such investigation crvstal-gazing has been found 
desirable. Still better is the formation of cireles of silence when men 
and women gather around a white lily or other ereation of purity and 
beauty and, clasping one another by the hand. endeavor to think Ether 
and Om. After many vears of these exercises, gathering around perfect 
objects under his direction, the Swami said, a few devoted women had 
even risen to think Devachan and Shushnup. No Englishman had, 
however, come to this and in our Caucasian race not even a woman of 
English birth had ever been able to think Nirvana. For in Shushup 
all desire to act is lost. as in Om is all desire of speeeh. In Nirvana 
alone is the absolute extinetion of al] desire—a thing impossible to 
you Americans. 

The seenery of the etherie plane is much as in the physical exist- 
ence, only more wavering, more delicate, more enchanting. Its objects 
of fine matter. finer than anything in the atomic or moleeular way, 
freely interpenetrate all merely physieal matters. It is therefore not 
necessary to seek it far from home. In India and Thibet. this seenery 
is peopled with its multitudes of beings. for these are the oldest lands of 
man. peopled for ages with him and his creations. California. on the 
other hand, with the exception of a few areas. as Point Loma and 
Chinatown, is virgim soil in its astral and ethereal aspects. its sole 
abundant life being the nature emanations and the essential spirits of 
animals. One may wander in its verdant etheric shades for weeks and 
never encounter a human creature. When one meets such a being there 
on the etherie plane, she is most gracious and friendly, her company a 
welcome recompense for months of loneliness. The appearance of a 


friend in these wastes is signalized by the glimmer of his aura which. 
as a most learned occidental adept has pointed out. appears “as an oval 
mass of luminous mist of highly complex structure. from its shape 
sometimes called the \urie Egg.” This writer maintains with apparent 
truth that these auras are not mere emanations but the actual mani- 
festation of the ego on their respective planes.‘ It is.” he says, ° the 
anrie egg which is the real man, net the physieal body which on this 
plane crystallizes in the muddle of it.” This is certainly clear if we 
keep in mind the difference between this ego-aura and the physical 
health-anra which is the first purely astral objeet seen by the un- 
trained and seldom enters the etherie plane. For the sake of clear- 
ness we should call the content= of the aurte ege the * etherie double.’ 
which is merely a new name for a very old idea. for it has long been 
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known that the mold on which the physical body is made up is held in 
perpetuity by the agents of the Lords of Karma. Thus, however com- 
pleated and unusual a man’s Karma may be, these agents, or Lipika, 
are able to give a mold in accordance with which a body exactly suiting 
it can be formed. 

The inhabitants of the etheric plane are as varied as those of the 
astral and physieal planes, with this distinction, that certain types and 
races of men never rise above the last-mentioned level. For example, 
English is scarcely spoken on the astral plane and never on the etherie, 
where for most part is heard only some form or derivation of the 
Sanserit. Those who aim to make of the bluntly practical English a 
universal tongue must soon see the futihty of such efforts. For a 
language which barely reaches the astral plane can never be universal, 
while at the upper nut of Devachan, as is well known, all language 
disappears. Only the Voice of the Silences, the vibrations of the per- 
fect Om, the one word which closes the ps whenever it is spoken, is 
heard in the Crystal Vaults Superior. 

The learned Swami proeeeded to divide the inhabitants of the etherie 
plane into seven great classes, for the sacred number seven is involved in 
all these mvestigations. These are (using our inadequate IEnelish 
words): (1) The embodied, (2) the hodiless, (3) the shells, (4) the 
meubi, (5) the extra-planetary visitors, (6) the essences, (7) the 
artificials. 

Those of the first class. or embodied entities, have bodies on earth, 
still engaged in operations on the physical plane. These may be 
adepts or Chilas, or they may be canny yogis, or Tnitiates, possessed 
of second sight, or again ordinary men fast asleep at home, whose etheric 
doubles are drifting about involuntarily, swayed through esoteric cur- 
rents, or the so-called * winds of dreamland © of your western mythology, 
or finally they may be magicians, white or black, seeking their own 
ends, some of them unfortunately evil. The investigator may meet 
also on this plane students of the invisible, quite unconnected with 
the great master and knowing nothing of the mahatmas. These men, 
Slavs, Lapps or Malays, are often imost earnest and self-renouncing 
seekers after truth, and the wise wanderer on the etheric plane will 
greet them with the omnic kiss of esoteric brotherhood. 

Of the bodiless class are Hkewise many, some of whom have wan- 
dered from afar. Even from Nirvana, perfect souls have descended, 
creating for themselves a perfect ethereal body for the purpose, since the 
more refined vesture of Nirvana would he invisible to ethereal sight. 
These souls never attempt anything in these lower planes, for in Nirvana 
is the final quenching of desire. Here too, the ego of adepts may await 
reincarnation, an unusual mode of procedure, it is true, but some- 
times to the self-renouneed such favor is granted by the great master of 
reincarnation, Gautama-Buddha himself. But here the greatest care is 


THE PINE OF Leah 33 


necessary while the matter is arranged, lest by a touch of the Devachanie 
plane the waiting ego be swept by irresistible enrrent into the Iie of 
normal evolution. In some cases, to avoid this strange accident, in- 
comprehensible to you who have never left the limits of Alcalde, and to 
escape the trouble of a new birth, with the pains of teething and the 
other woes of childhood, the adept will enter some adult body, aban- 
doned temporarily or permanently by its former tenant. The ad- 
vantages of remaining bodiless are, however, considerable, as this avoids 
the hampering possibility of fatigue while retaining perfect conscious- 
ness. The disadvantage is that as nothing can touch the being in ques- 
tion, it can touch nothing for itself. Here, too, gather many of those 
who have abandoned the physical life, to be returned to it, in reincarna- 
tion, not having perfectly achieved higher possibilities. Most of these 
remain, however, on the astral plane, never falling below the density of 
shades. 

The third class, known as ‘shells, are soulless bundles of qualities 
fastened together by will or thought and so retaining a human re- 
semblance though all vestige of humanity has departed. Such, when 
seen by the canny, are recognized as ghosts. In writings of adepts you 
will find accounts of psychically developed persons, that is, persons 
possessed of second sight, who have seen about cemeteries ‘ hundreds of 
these bluish-white misty forms, hovering over the graves where are laid 
the physical vestures which they have recently left.2. These shells may 
be galvanized into a very horrible form of temporary life, but this is 
only done by the loathsome rites of one of the worst forms of the black 
magie, which you of Alcalde, most of you not even initiates, much less 
adepts. conld never be made to understand. 

Still more unpleasant are the ineubi, or clusters of wicked qualities, 
wrenched by violence from their possessors as a stone is torn from an 
unripe fruit. These take a fiendish delight in exercising the arts of 
delusion which the higher plane puts in their power to lead others to 
the excesses which proved fatal to themselves. For such a one to meet a 
medinm with whom it is in affinity is indeed terrible, for by such means 
its existence may be indefinitely prolonged. Still worse are the vampire 
and the were-wolf, which we of the Fifth Root Race now seldom en- 
counter, but which, to Slavie and Germanic adepts of the earher cen- 
turies were objects of fear and danger in the astral regions and even as 
high upward as Devachan. All these are human in their origin. Not 
so the fifth class, the oceasional visitors from other planets. Of these- 
wonderful ereatures we know nothing, for only the highest of high 
adepts have the power of moving from planet to planet, and even I do 
not understand how it is performed. When these visitors appear, they 
choose a body temporarily created out of unused ethereal matter be- 
longing to the earth. Over this they wear a distinctive badge, a ring 
indicating Saturn, a series of belts indicating Jupiter or a tiny flaming 
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spear and shield for Mars and a silver mirror in a golden necklace for 
Venus. In Shushup, it is said, guests for all the signs of the zodiac are 
received—but of these I have seen but two, a charming young lady from 
Virgo and a mahatma from Sirius who bore the badge of a great dog or 
wolf. 

The sixth class are elemental essences. ‘These may be either mineral 
or monadic in their nature, this depending on their origin. Usually 
they begin as a thought, aspiration or association of ideas, permeated by 
its appropriate variety of the deva or life principle, hence capable of 
floating or drifting about through etheric or astral space, until at last 
erystallized as an ego and embodied as a man. ‘The history of these 
monadie essences is still obscurely known, as few adepts have the 
patience to watch them continuously through their centuries of develop- 
ment and incarnation. These often pass through the stage of animal 
essentials, some of whom are at last incarnated as animals, and the 
learned author of the ‘ Secret Doctrine’ describes his encounter with a 
number of these essences ‘embodied in anthropoid apes, already in- 
dividualized and ready to take human incarnation at the next round or 
even sooner.’ 

Then in the etheric plane are swarms of nature spirits, the tiny 
emanations of the sunny banks of moss, the foamy waterfall or the 
fragrance of the roses. Some of these are dim and gigantic, the 
products of the mighty canon, the roar of the sea, or the awesomeness 
of the forest. These may assume all forms at will, but when at rest 
they take the shape that is most befitting their natures. Ordinarily 
they are out of human sight, but they have the power of self-material- 
ization, or they can be formed into visual clearness by the effort of a 
powerful will. Such essentials are known to us of the east as djinns 
and sprites and peris, but in the west they have many names, fairies, 
gnomes, elves and imps, and the Greeks called them fans and satyrs. 
Those which live in water are called undines, those which live in air are 
sylphs and those in fire are salamanders. The wild essential spirits 
do not like the presence of man, though they often try to help him or 
sometimes to play little tricks on him for their own amusement. They 
have no real dislike for humanity, but the constant rush of astral cur- 
rents set up by the restless ill-regulated desires of Europeans disturbs 
and annoys them. In India, they are more at ease and lie about under 
the pals and the bulbul trees. In Olcott Sahib’s beautiful gardens in 
Madras, Ram has spent many joyous evenings in commune with them. 
Similar creatures are ever present in California, giving your state the 
indescribable charm of which you all talk so much and feel se little. Tn 
a quiet stroll m the woods near Alealde with Madame Ifhatch, Ram 
found them in myriads, some of them lurking in the branches of the 
enealyptus trees, others had burrowed in the dry ground to form fairy 
homes. In Ram/’s yisit to Angels he found them thick under Abner 
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Dean's great pines. Around the abandoned mining shafts there were 
other essentials of an evil disposition with an unpleasant smell of sul- 
phur which suggested human origin. When examined and unrolled by 
means known to initiates, these sprites were found to be mere bundles 
of oaths held together by the force of spent passions and evaporate 
spirits of rye. The highest of these essentials or non-human entities is 
the deva, a superhuman essence destined to become man, but which has 
remained fixed for a time in an intermediate or higher stage. Such 
creatures, according to the common expression in Devachan, ‘ have 
yielded to the temptation to become a god.’ No blame attaches to this 
expression. ‘The path to incarnation thus selected is not the shortest 
one, but it is a very noble one, and for some not yet well tempered for 
humanity it is the one best suited to their natures. It is of course im- 
possible at this stage of our striving to tell when we shall have earned 
the right to choose our own future. We should not, at any rate, before 
we ourselves reach Devachan, be too ready to despise those who have 
never seen fit to drop below that level. These devas are the winged 
globes and fiery wheels of our secret doctrine. There must of course 
be seven elasses of these as there are seven of nature spirits and seven 
of elemental essences. Jor each class there must be a devarajah or king 
of devas, seven in all, but outside the circle of initiation, little is known 
and less must be said of the higher three. The four we know are called, 
respectively, the north, south, east and west wind, or the kings of earth, 
air, water and fire, clad, respectively in green, yellow, blue and red. 
These words and garments are symbols only telling nothing of their 
names or duties. ‘These are inner mysteries of the White Mahatmas, 
unknown even to the Black Magicians, or to the seers of djinns and 
wraiths. 

The last, or seventh, class of etherie entities is by far the most im- 
portant toman. ‘The artificials are man-created and by their return in- 
fluence they make and unmake man. ‘To this class belong the creations 
of the poet, undying and tangible in proportion to the poet’s creative 
power. In this class too are all good wishes and all anathemas, all 
hopes, fears, faiths. ereeds, and embodied loves and hates. All these 
find in time a living shape felt or seen by all canny psychic children 
in the flesh, a menace or a shield not limited by space or time. Ele- 
mnentals of this shape are often utilized in the ‘sendings’ of living 
objeets transmitted invisible through space for the delight of a friend 
or the confusion of a foe. To this class belongs the white bird of the 
Oxenhams, whose appearance ever since the time of Queen Elizabeth is a 
sure presage of the death of some member of the family. In the noble 
family of the Whistlebursts a spectral coach drives up to the castle gate 
calling ‘What, ho!’, whenever a similar calamity is impending. 
Strains of wild music, the policeman’s rattle, the blood-eurdling shriek 
of a trampled cat. the clank of chains, all these are familiar to those who 


36 POPULAR SCIENCE MONTHLY 


have looked into the phenomena of haunted houses. These elemental 
artificials are embodiments of man’s will and thought. Once wrought 
together by longing, fear or crime, they may last for ages. An 
elemental, it has been wisely said, is a perfect storage battery from 
which there is practically no leakage. After a thousand years, a con- 
ception carefully worked out and firmly wrought together exhibits un- 
impaired vitality. Ina famous case, such an artificial still warns the 
direct descendents of Sir Godfrey de Gespensterheim of their approach- 
ing doom hy repeating in their ears the strange wailing music which was 
the dirge of his beloved son, Sir Lienhardt, seven hundred years ago in 
Palestine. 

When these artificials are formed consciously and purposely they 
may be made the engines of tremendous power. Occultists of both the 
white and the black schools use them frequently and no influence in all 
the psychical universe can be so potent. But the evil use is not so com- 
mon as it would be were it not that the highest oceult power is granted 
only to the virtuous, and the black magicians are often torn to pieces by 
fiends of their own raising. Thus east back into Devachan, their former 
power is lost to them and their reincarnation as dogs or monkeys by way 
of purification is extremely probable. This accounts for the multitudes 
of these animals in the streets of Benares and Constantinople. It is 
their nature to haunt the scenes of their physical exploits. To make 
artificials of extreme virulence and power has heen the work of the sect 
known as the Lords of the Dark Face. Among other things they 
formed ‘ wonderful speaking animals who had to be quieted by an offer- 
ing of blood lest they should awaken their masters and warn them of 
impending destruction.? From ereatures of this type, created for a 
special purpose and afterwards neglected by an overworked magician, 
the race of parrots is descended. The devotees of the ghostly goddess 
Kale once performed rites too horrid to deseribe, and the results of 
which were the submergence of the continent of Lemuria with the loss 
of sixty-five million, two hundred and eighty-five thousand human 
lives, besides several myriads of promising anthropoids only lately 
condensed from Devachan. Even Ram, a mere Swami who has been in 
Nirvana only as a mahatma’s honored guest, could speak a word which 
could blast your mountains, bight your fruit or growing grain or 
flood your valley with the waters of the sea. Such mystic words there 
be and Ram knows them. MRatn’s finger eould point unerringly to 
the limitless fountains of gold in your hills. But Ram stays his voice 
and withholds his hand, for his life is a life of meekness and self- 
renunciation and these things must not be. 

It is in the formation of artificials that a man’s real character 
appears, whether’ on the physical earth or in Astrum or Devachan. 
The true adept forswears all that may Je harmful to others. He may 
not use his power for his own advancement, hence his vow of poverty 
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is for the protection of his soul. Having no sclfish end in view he 
is ready to believe and to worship. To the western mind, belief and 
worship are as yet undreamed of. Instead of the silence of Om and the 
perfect rest of Nirvana, you hope for more business, more action, more 
pain, more unrest. The physical plane is the goal of hfe and the 
six planes above it are valueless assets of dreamland, unless they can be 
laid out into city lots. Turn your faces to the East, O Europeans, and 
learn of the patient, restful millions whose dreams, daily and nightly, 
bring more truth than all your struggles and your science of two 
thousand years. The religion of the West has long since lost its hold on 
thoughtful men and soulful women. The only reality in your lives is 
pain. The light of your old altar-fires is growing dim and when 
again it is relighted it must be in the name of the master of renuncia- 
tion whose servant and follower you behold in me. It shall be for the 
worship of the suffering unconscious to whom pain and pleasure are 
dreams alike, mere floating shadows which dim for the moment the 
perfect serenity of perfected being. 

After the conclusion of this passage, Madame Hhatch asked the 
privilege of a final word. She spoke of the learned Swami so far from 
his home and drew a pathetic picture of his life of renunciation and 
his vow of poverty. His heart yearns for Bombay and the light of his 
own altar-fires where the sweet sandalwood burns in its temples of per- 
fection, which are symbolized in the mouth-closing word Om. Yet he 
is forced to earn his bread on the other side of the earth teaching 
people who can not understand him and whose every contact raises 
blisters on his astral skin. It is our duty to open the way to his return 
to that which is dearer to him than life. 

So at the instance of Mr. Abram Gridley, the schoolmaster, we took 
up a generous collection which the voung Brahmin received in patient 
silence. 

As he passed out, Miss Violet Dreeme, of Fidtletown, who is a 
poetess and suspected of jealousy toward Madame Hhatch, uttered the 
sole svHable of discord. ‘ I read every word of that,” she said, “ in one 
of Mrs. Tinglev’s little books of Tindu Poetry.” This Swami is the 
very man who was at the Midwinter Fair out at Golden Gate Park. 
We etches your portraits on cardboard with his fingers while you wait 
and he cheated me with a bad half-dollar. Why, Madame Silva, who 
told fortunes in the next booth, savs that he got a reporter for the 
San Francisco Clarion to write this speech, and it was a whole month 
hefore he had it learned so that he could go through it straight. 

“ The fact is. I am told, the Hindu in America has but one article of 
faith. More precious than rubies is the woman of leisure seeking for 
a new religion. The real ‘Secret Doctrine of the Brahmins’ is this: 
‘So beg that vou will seem rather to grant than to receive a favor.” 


38 POPULAR SCIENCE MONTHLY 


ARE THE ELEMENTS TRANSMUTABLE, THE ATOMS 
DIVISIBLE AND FORMS OF MATTER BUT 
MODES OF MOTION? 


By PROFESSOR S. L. BIGELOW 


UNIVERSITY OF MICHIGAN 


VHIE advance workers in chemistry and physics are constantly 
accumulating new facts and propounding new theories which 
must be digested and incorporated in the body of the sciences. ‘The 
process of assimilation is often slow, and it is might that new and 
important facts should be vouched for by more than one investigator, 
and that a new theory should prove its usefulness before being placed 
beside old and tried facts and theories. But too often the effects of 
the advances are unduly delayed through a reluctance to revise old 
text-books or old lectures, perhaps not so much because of mere laziness, 
as because of a failure to appreciate the full force of the evidence in 
favor of new views, or of the advantages to be obtained by their adop- 
tion. The fact that the arguments for an innovation, for a time at 
least, are scattered through many journals, leads to an underestimate 
of their cumulative force. 

It is the purpose of this article to gather the main facts, some old, 
many recent, most of them fairly generally known, which are com- 
pelling us to alter our old definitions, and to show what a strong 
argument they make in favor of believing in the transmutation of the 
elements, the divisibility of the atoms and that what we call matter is 
simply a mode of motion. 

lt is interesting to note the caution with which text-books express 
themselves when it is necessary to give definitions for these terms. 
By a careful choice of words most authors avoid making false state- 
ments, but they certainly do frequently lead their readers to unjusti- 
fiable conclusions. For instance, in Roscoe and Schorlemmer’s 
‘Treatise on Chemistry, issued in 1891, we find the definition, * An 
atom is the smallest portion of matter which can enter into a chemical 
compound.’ As is the usual custom, the ideas of the alchemists regard- 
ing the possibility of transmuting metals is held up to ridicule, and 
thus, by implication at least, the ultimate nature of the elements and 
the idea that the atom is indivisible are infallibly conveyed to the reader. 
A more recent instance is to be found even in the late editions of one 
of the most widely used texts on general inorganic chemistry. In this 
book, on page 4, we read, ‘ Molecules may be defined as the smallest 
particles of matter which can exist in the free state’; on page 5, 
‘ Atoms are the smallest particles of matter which can take part in a 
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chemical change’; on page 6, ‘ Molecules consisting of atoms of the 
same kind are termed elementary molecules, and substances whose 
molecnles are so constituted are known as clements.? The numbers of 
the pages on which these statements occur are also significant. This 
reminds one of the methods of the old Greek philosophers, who pre- 
tended to solve all questions of science by pure deduction, positing 
some hypothesis, and then developing everything else by meditation in 
their closets, disdaining to disturb the order of their thoughts by ex- 
periments. But it is unworthy of the present age of inductive science, 
wherein every thought has, or should have, experimental evidence as 
its starting point. It can not be said that this partienlar anthor has 
made a false statement, but he has left the subject incomplete; can- 
tiously reserving a loophole for his own escape, he fairly traps his 
readers. For it is inevitable that, with such didactic phraseology, and 
without having his attention called to the hypothetical, the tentative, 
nature of these definitions, the student should become convineed that 
the most fundamental facts of chemistry are that there are abont 
eighty substances so simple that they can never be broken up into 
simpler things, and that all substances are composed of ultimate par- 
ticles, called atoms, eternally indivisible. 

A student started ont with this hodgepodge of fact and theory 
thoroughly implanted in his mind as the basis for all his future knowl- 
edge is sadly handicapped, indeed he is intellectually maimed, and it 
mav take him years to overcome the habit of confusing fact and theory, 
and to learn how to think straight; perhaps he never succeeds in over- 
coming it. This confusing of facts with theories is a vicious habit, 
which grows till it colors all one’s thoughts, hinders the free play of 
the intellect, diminishes the power of right judgment and starts the 
ossification of the wits even before the age set by Dr. Osler. 

It is not necessary to consider a student of chemistry as an infant 
in arms to be fed on predigested food. He may be assumed to have a 
digestive apparatus of his own. Give him the benefit of any doubt 
and ascribe to him at least a dawning intelligence, which, properly 
stimulated, may some day shed some light of its own. It is the char- 
acteristic course of a lazy teacher, and one pleasing to lazy students as 
well, to supply a lot of personal opinions in the shape of cut and dried 
definitions, so easy to memorize and, unfortunately, so hard to forget; 
phrases which do not reqnire the intellect to bestir itself and exercise 
its faculty of criticism, to pass judgment for itself between alternative 
or conflicting views. Strictly speaking, nothing should be presented 
in the form of a definition except what is, in itself, a statement of 
experimental facts, as, for instance, we describe or define a unit of 
measurement in terms of other units. When dealing with a subject 
where more than one opinion is permissible, all should be stated, or at 
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least the attention should be direeted to the faet that others draw dif- 
ferent conclusions from the same premises. 

The average student is better able to face issues and weigh argu- 
ments than most of us realize, and it is more important to educate 
those falling below the average in this particular than in any other. 
We should state the facts and then reason in such a way as to teaeh 
students how to think. It is indispensable for them to learn to think 
for themselves. Great stores of chemical facts are of but little real 
use, unless accompanied by an ability to adapt and to apply them in 
new conditions, unforeseen by either teacher or student in school or 
university days, but surely coming in after life. It is the prime neces- 
sity for research work or for originality of any kind, and we all are 
willing to admit that originality is what should be eultivated. 

There is a great difference between the phrases, ‘ elements are sub- 
stanees which can not be broken up’ and ‘elements are substances 
whieh we have not as yet sueceeded in breaking up’; and we should 
mark well the difference. ‘This caution, lest we slip into the error of 
stating as fact more than we really know, is the distinguishing differ- 
ence between the chemistry of to-day and the chemistry of a few years 
ago. It is more than this, it expresses concisely the difference between 
the way in which any science should be taught and studied, and the 
way in which it should be neither taught nor studied. 

This partienlar differentiation between two definitions of the term 
element has been more than justified by the results which have followed 
the last ten years’ work in pure chemistry, spectroscopy, radioactivity 
and Roéntgenology (a term which has been seriously proposed by one 
of that fraternity which seems to consider its main function in life 
to be the coinage of new words). 

The main arguments which may be marshaled in favor of consid- 
ering the elements as ultimates, and the atoms as indivisible eonsist: 

First, of all those facts whieh Dalton condensed into the laws of 
definite and multiple proportions, and to which there have been as 
many additions as there have been analyses and syntheses made before 
or sinee his time. 

Second, Dulong and Petit’s law that the atomie heats of all solid 
elements are the same, 

Third, the isomorphism of many eompounds containing similar 
elements, a phenomenon discovered by Mitscherlich. 

Fourth, Paraday’s law, that equivalent quantities of the elements 
are deposited at the electrodes during electrolvsis. 

Truly, an imposing array of evidence, and more than suflicient to 
justify us in making the assumption that atoms exist. But curiously 
enough, there is not one item amongst all these facts compelling us to 
believe that these atoms are the ultimate constituents, or that they are 
indivisible. These latter hypotheses are purely gratuitous, tacked on 
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by Dalton and retained by succeeding chemists and physicists for no 
good reason. Perhaps because imitation is a characteristic inherited 
from our simian ancestry, and is so much easier for us than originality. 

Many a chemist looks askance at any tampering with the atoms, 
apparently fearing that it may hurt them, or even destroy them utterly 
and the atomic weights with them. Or he trembles for his spidery 
and tenuous structural formule, knowing full well that if deprived of 
these he will be irretrievably lost in a labyrinth, without a thread to 
guide him. While, if he is not permitted to think of the carbon atom 
as a little chunk of matter, tetrahedral in form, he thinks he is 
launched on a sea of troubles. 

But all this apprehension arises from a misunderstanding. That 
the atomic weights remain unharmed and unaltered, as the units for 
chemical calculations, and that nothing which is good or useful about 
the atomic theory is destroyed or even assailed by the new ideas, that 
the trend of these new ideas is unmistakably constructive and not 
destructive, are best shown by a review of the arguments in favor of 
the hypothesis that the atom is divisible, and that our elements are 
not elements in the true sense of the word. 

There is nothing new in this view; it formed the first article of the 
faith of the alchemists. It was unqualifiedly denied by Dalton, and 
fell into such disrepute that even within recent years one risked being 
called a dreamer, or even a fool, if he dared to consider it possible. 
Here again is an instance of the desirability of being as precise as pos- 
sible in the use of terms. Many believe experimental evidence of the 
complexity of ‘elementary atoms’ and the existence of one ‘ mother 
substance’ must be followed immediately by directions for transform- 
ing elements into one another; by the transmutation of baser metals 
into gold. But these are two wholly distinct propositions. An 
astronomer might locate a mountain of gold on the surface of the 
moon, but there would still be a goodly chasm to bridge before he 
derived much material benefit from his discovery ! 

The idea that there is one fundamental substance would not down. 
The hypothesis of the English physician, Prout, is a familiar one. 
When the atomic weight of hydrogen is set equal to unity, the atomic 
weights of all the other elements come out remarkably close to whole 
numbers. There exist numerous groups of three elements, commonly 
called Doéhereier’s triads, the individual members of one group being 
similar in their chemical properties, and so related that the atomic 
weight of the middle member is the arithmetic mean of the atomic 
weights of the extreme members. These are the facts which led Prout 
to suggest that there was but one element, namely, hydrogen, the others 
being complexes containing different quantities of this ultimate sub- 
stance. It followed that the differences between the atomic weights 
and whole numbers were to be ascribed to experimental errors in the 
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determination of these values. The desire to test this hypothesis was 
one of the chief motives for some of the most careful determinations 
of atomic weights which have ever been made. These determinations 
resulted in proving that the divergences of the atomic weights from 
whole numbers were greater than could be accounted for on the basis 
of experimental errors. This precluded the possibility that the atom 
of hydrogen was the common ultimate unit, but did not dispose of the 
possibility that a half, or quarter, or some other fraction, of the 
hydrogen atom might play that réle. 

In 1901 Strutt? applied the mathematical methods of the theory 
of probabilities to the most accurately determined atomic weights, and 
calculated that the chance that they should fall as close to whole num- 
bers as they do was only one in one thousand. The inference from 
this is that it is not a matter of chance, but that there is a regularity 
in the atomic weights which we do not understand; a regularity which 
points to the probability that our elements are complex substances, 
constructed according to some system, from some simpler substance. 

All the facts comprised in that great generalization, the periodic 
law, which states that the properties of the elements, both chemical 
and physical, are functions of their atomic weights, and most of them 
are periodic functions, point unmistakably to the same conclusion. 

The evidence from spectroscopic analysis is so abundant that it is 
not easy to compress it into a few general statements. 

In the first place, the spectrum of each of our elements consists of 
numerous lines, a fact not exactly compatible with the notion of ex- 
treme simplicity of the particles emitting the light. 

In the second place, one and the same element, contrary to common 
belief, frequently has two or three distinctly different spectra, the 
particular spectrum which appears depending upon the pressure and 
ihe temperature at which the element is while emitting the light. 
In fact the extraordinary spectroscopic results obtained when highly 
rarefied gases enclosed in tubes (variously called Pliicker, Hittorf, 
Geissler or Crookes tubes) were made luminous by the passage of high 
potential electricity, induced Crookes to suggest in 1887 a theory that 
the elements were all built up by gradual condensation with falling 
temperature from a fundamental substance to which he gave the name 
protyl.? 

In the third place, the lines in the spectrum of one element may be 
separated out into several series. Each line corresponds, as is well 
known, to light of a definite wave length. The wave lengths of the 
lines comprised in one series are related to each other in such a way 
that a general formula may be derived for them. This means that, 
given some of the lines, the wave lengths, and thus the positions, of 


TR. J. Strutt, Philosophical Magazine, March, 1901, p. 311. 
2° The Genesis of the Elements,’ W. Crookes. 
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other lines belonging in the same series may be calculated. In this 
way the positions of certain lines for certain elements were foretold. 
Search failed to reveal all of them in light emitted by the element at 
any temperature producible in the laboratory. But some of the miss- 
ing lines have been found in the spectra of the hottest stars, stars far 
hotter than our sun. At the same time many of the lines obtained by 
terrestrial means are lacking in the spectra of these stars. We have 
ample experimental evidence that many complex substances dissociate, 
as we call it, into less complex substances within the temperature 
range readily controlled in the laboratory. The inference is right at 
hand that at extreme, at stellar, temperatures our elements themselves 
are dissociated into simpler substances. ‘To these substances, our ele- 
ments, in this other condition, have been given their customary names, 
but with the prefix proto. Thanks to the introduction of Rowland’s 
diffraction gratings for the study of these spectra, we have observa- 
tions indicating the existence of proto hydrogen, proto calcium, proto 
magnesium, proto iron and so on through a list of a dozen or more 
‘proto’ elements.* 

Continuation of the work upon which Crookes was engaged resulted 
in the discovery of the X-rays by Rontgen in 1895. This date may 
be said to mark a new era in many of our conceptions regarding the 
universe about us. To J. J. Thomson, professor of physics at Cam- 
bridge, England, we owe the greater part of our present knowledge of 
the cathode rays. He devised most of the expermments and the in- 
genious, but strictly logical, reasoning which justify us in supposing 
that these cathode rays consist of swarms of minute particles, which 
he called corpuscles (reviving an old term and an old theory of Isaac 
Newton's) ; particles moving with velocities approaching that of light, 
each one carrying a charge of what we call negative electricity. He, 
and those working with him, determined the quantity of this electrical 
charge to be the same on each corpuscle, and to be the same as the 
charge we have good reason to suppose is carried by any monovalent 
ion in solution. By several methods the approximate number of these 
particles in a given volume and the weight of the individual particle 
were estimated. This weight appears to be about one eight-hundredth 
of the weight generally ascribed to the hydrogen atom, the lightest of 
all the atoms. It may be objected that there is no positive proof of 
the existence of these corpuscles, nor do we know the weight or mass 
of one of them. That is very true, but neither have we positive proof 
of the existence of atoms, nor do we know the weight of one atom. 
We can only say that the evidence makes the existence of these minute 
individuals, atoms and corpuscles extremely plausible, and makes one 
as plausible as the other. 


° The methods, facts and reasonings relating to this spectroscopic evidence 
are interestingly given in ‘Inorganic Evolution’ by Sir Norman Lockyer. 
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Grant that we have discovered particles—in round numbers one 
thousandth part the size and weight of the hydrogen atom—the argu- 
ment is still not complete for the divisibility of the atom. Perhaps we 
have found a new element. But cathode rays were produced under 
circumstances where they must have arisen from the cathode itself, and 
it is hard to eseape from the conclusion that the atoms of the cathode 
disintegrated to a certain extent to furnish these particles. Further- 
more, rays have been studied having as their sources different metals 
under the influence of electrical currents, different metals heated 
to ineandescenee, flames of different kinds and ultra-violet light; and 
these rays appear to consist of corpuscles of the same weight, no 
matter what their source. This makes it difficult to escape from the 
further conclusion that atoms of a great variety of natures are capable 
of disintegrating and of furnishing the same product by the disintegra- 
tion ;* and this is as much as to say that instead of about eighty differ- 
ent elements we have one ‘mother substance,’ and Prout’s hypothesis 
is once more very much alive, somewhat modified, it is true, and in a 
new garb, better suited to the present fashions. 

It remains to rehearse briefly the evidence to be obtained from 
radio-aetive phenomena. In the first place, the rays incessantly sent 
out from these extraordinary substances consist, at least in part, of 
rays like the eathode rays, and are streams of the same kind of cor- 
puscles, but, on the whole, traveling with greater velocities than the 
corpuscles of the eathode rays. It has been proved by Rutherford and 
Soddy that the emission of the radiations from these substances is 
accompanied by a disintegration, or decay, as they deseribe it, of the 
substances themselves. These investigators have caught some of the 
products of this decay and have studied their properties. These prod- 
ucts themselves decay, some slowly, some rapidly, sending forth other 
rays and furnishing new produets to decay in turn. Indeed each new 
issue of a scientific journal for the past few years seems to chronicle 
the birth, life and death of a fresh radio-active substanee. The rate 
at which new oifspring of radium, thorium and allied elements are 
discovered and studied during their fleeting existences reniinds one of 
nothing so much as the genealogy of Noah as given in the fifth chapter 
of Genesis.® 


* Experimental details, and also comprehensive treatments of the subject 
as a whole and of special parts, may be found in three books by J. J. Thomson: 
‘The Discharge of Electricity through Gases’ (based on leetures given at 
Prineeton University in October, 1896); ‘Conduction of Electrieity through 
Gases’? (a larger book); ‘ Electricity and Matter’ (lectures delivered at Yale 
University in 1903). 

*TIt is an indieation of the widespread interest in this subjeet, and of the 
activity of the workers in this field, that one journal, in the year 1905, con- 
tained no less than 167 abstraets of articles upon radioactive phenomena. — E. 
tutherford’s look, ‘Radio-activity, 2d edition, 1905, is a masterly survey of 
the whole subject. 
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These products appear to he elements, and this idea that some ele- 
ments may have existences of but short duration, from a few seconds 
to many years, is a decidedly novel one. It has been suggested that 
this may account for some of the vacant spaces in our periodic table 
of the elements. particularly in the neighborhood of thorium, radium 
and uranium. Perhaps these spaces never will be oceupied except by 
transients. Indeed it is not impossible that all our elements are mere 
transients, mere conditions of things, all undergoing change. But 
there is no mimediate danger of their all vanishmg away in the form 
of rays and emanations. Rutherford has ealeulated that radium will 
oe half transformed in about 1.500 years, that uraninm will be half 
transformed in 6 & 10° years, and thorium in about 2.4 10° years. 
We may safely say the other elements are decaying mueh more slowly, 
so we may continue to direct our anxieties towards the probable dura- 
tion of our coal beds and deposits of iron ore as matters of more present 
concern. 

The objection may be raised that perhaps radium should not be 
classed as an element, but rather should be considered as an unstable 
compound in the aet of breaking down into its elements. But the 
answer to this objection is at hand. The evolution of energy aecom- 
panying these changes is far in excess of that obtainable from any 
known chemieal process, so far in excess that it is certain we are deal- 
ing with a souree of energy hitherto unknown to us, with a wholly 
new class of phenomena. The following quotation from Whetham?® will 
convey an adequate conception of the magnitude of the forces at work 
here: 

It is possible to determine the mass and the velocity of the projected 
particles, and. therefore. to calculate their kinetic energy. From the prin- 
ciples of the molecular theory, we know that the number of atoms in a gram 
of a solid material is about 10°. Four or five successive stages in the dis- 
integration of radium have been reeognized, and, on the assumption that each 
of these involves the emission of only one particle, the total energy of radia- 
tion which one gram of radium could furnish if entirely disintegrated seems 
to be enough to raise the temperature of 10° grams, or about 100 tons, of 
water through one degree centigrade. This is an underestimate; it is possible 
that it should be increased ten or a hundred times. As a mean value, we may 
say that, in mechanical units, the energy available for radiation In one ounce 
of radium is suieient to raise a weight of something like ten thousand tons 
one mile high. 


Again, 
the energy liberated by a given amount of radioactive change . . . is at 


least 500.600 times, and may be 10.000,000 times, greater than that involved in 
the most energetic chemical action known. 

The theory that the souree of most of the sun’s energy is a decay 
of elements analogous to radium, to disintegration of atoms, is acknowl- 
edged to account better than any previous theory for the great quantity 


°- The Recent Development of Physical Science, W. C. D. Whetham. 
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of this energy which we observe, and for the length of time during 
which it must have been given off according to the evidences of geology. 

There is no chemical reaction which is not hastened or retarded 
by a change in temperature. In general, the velocity of a chemical 
reaction is increased by an elevation of the temperature and diminished 
by a reduction of the temperature. But radium compounds emit their 
rays undisturbed, at an even, unaltered rate, whether they be heated 
to a high temperature or cooled by immersion in liquid hydrogen and, 
what is perhaps equally striking, whether they are in the solid state 
or dissolved in some solyent. 

In view of such facts as these, it is idle to suppose that radium is 
an unstable compound decomposing into its elements, using the terms 
compound and element in their usual sense. Conflict as it may with 
preconceived opinions, we seem forced to concede, not only that the 
transinutation of the elements is possible, but also that these trans- 
mutations are going on under our very eyes. 

As has already been pointed out, this does not mean that we shall 
shortly be able to convert our elements into each other. Far from it, 
up to the present time we have not the slightest idea how to initiate 
such a process nor how to stop it. We can not, by any means known 
to us, even alter the rate at which it proceeds. 

Now how shall we fit all these new facts and ideas in with our old 
ones regarding the elements and atoms, and how many of the old ideas 
must be discarded? Brief consideration is enough to convince us that 
very few of the old ideas, in fact none of value, need be sacrificed. We 
must indeed grant that Dalton’s fundamental assumption is false, that 
the atom, in spite of its name, is divisible, and consequently that our 
elements are not our simplest substances, but decidedly complicated 
complexes. But all the facts included in the laws of definite and 
multiple proportions remain fixed and relable, as indeed must all facts, 
expressions of actual experimental results, no matter what else varies. 
And there is not the least necessity for altering the methods of using 
alemic weights in calculations, nor for ceasing to use structural dia- 
grams and models for molecules. We must merely modify our ideas 
and definition of an atom, and this modification is in the direction of 
an advance. We know more about an atom, or think we do. 

Assume the inferences from the evidence just reviewed to be correct, 
and how do they affect our conception of the atom? First of all, our 
smallest, lightest, simplest atom, that of hydrogen, becomes an aggrega- 
tion of about eight hundred smaller particles or corpuscles, and the 
atoins of other elements become aggregations of as many corpuscles as 
are obtained by multiplying the atomic weight of the element by eight 
hundred. ‘Thus the atom of mercury must be thought of as containing 
800 times 200, or 160,000, corpuscles. Next, the methods by which we 
believe we can calculate the approximate size of atoms and corpuscles 
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give us values which enable us to make such comparisons as the follow- 
ing, suggested by Sir Oliver Lodge: ‘The corpuscle is so small as com- 
pared to the atom that it, within the atom, may be likened to a mouse 
in a cathedral,’ or ‘ the corpuscle is to the whole atom as the earth and 
other planets are to the whole solar system.’ 

These corpuscles are probably gyrating about each other, or about 
some common center, with velocities approaching that of light. It 
seems needful to suppose this, for it is hard to imagine that the 
enormous velocities observed could be imparted to a corpusele at the 
instant it leaves the atom to become a constituent of a cathode ray. 
It is more reasonable to imagine that the corpusele already had this 
velocity and that it flew off at a tangent owing to some influence we do 
not understand. 

This may appear, after all, to be ttle more than pushing back our 
questions one stage, so that the position occupied in our thonghts but 
vesterday by the atom is now occupied by the corpusele. Quite true, 
but this is in itself a great step, for the advancement of knowledge 
consists of nothing else than such pushing back of the boundaries. We 
dare not assume the end is reached, for there is no proof that the 
corpuscles are ultimate. They mark the present limit of our imagin- 
ings based on experiment, but no one can say but what the next cen- 
tury may possibly witness the shattering of the corpuscles into as many 
parts as it now appears to take to make an atom. 

The question is a legitimate one, do we know any more about these 
‘new-fangled’ corpuscles than we did about the old atoms? The 
answer is, yes. we probably do. We can go further in our reasoning 
on the basis of the properties of the corpuscles, and arrive at results 
which are startlng when heard for the first time. 

Lenard? has shown that the absorption of cathode rays by different 
substances is simply proportional to the specific gravity of those sub- 
stances and independent of their chemical properties. It is even 
independent of the condition of aggregation, ¢. e., whether the absorb- 
ing substance be investigated as a gas, as a liquid or asa solid. This 
is another strong argument in favor of the view that there is but one 
‘mother substance’ which consists of corpuscles. The corpuscles of 
the cathode rays must be considered as passing unimpeded through the 
interstices between the corpuscles of the atom. Lenard calls the cor- 
puseles dynamides and considers them as fields of electrical force with 
impenetrable central bodies which then constitute actual matter. He 
caleulates the diameter of this center of actual matter as smaller than 
0.3 X 10-19 (== 0.000,000.000.03) millimeter. Applying these results 
to the ease of the metal platinum. one of the most dense of the metals, 
one of those with the highest specifie gravity, he concludes that a solid 


"Wied. Annal., 56, p. 255 (1895), and Drudes Annal., 12, 714 (1903). 
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eubie meter of platinum is in truth an empty space. with the exception 
of, at the outside, one cubic millimeter occupied by the actual matter 
of the dynamides. 

If we can thus reasonably and mathematically eliminate the matter 
of a cubic meter of one of our densest metals to such an extent, it 
should not be very difficult to make one more effort and eliminate that 
insignificant little eubic millimeter still remaining, and say, with 
cogent reasons behind us for the statement, that there is no matter at 
all, but simply energy in motion. This is exactly what has been done 
by many who oceupy high and authoritative positions in the scien- 
tifie world. 

Long before experimental evidence of the existence of corpuscles 
had been obtained, it was demonstrated that an electrically eharged 
body, moving with high velocity, had an apparent mass greater than its 
true mass, because of the electrical charge. The faster it moved the 
greater became its apparent mass or, what comes to the same thing, 
assuming the electrical charge to remain unaltered, the greater the 
velocity the less the mass of the body earrying the charge needed to be 
tc have always the same apparent mass. It was calculated that when 
the velocity equaled that of light, it was not necessary to assume that 
the body carrying the charge had any mass at all! In other words, 
the bit of electric charge moving with the velocity of light would have 
weight and all the properties of mass. 

This might be looked upon as an interesting mathematical abstrac- 
tion, but without any practical application, if it were not for the fact 
that Kanfmann*® determined the apparent masses of corpuscles shot 
out from a radium preparation at different velocities, and compared 
them with the masses caleulated on the basis that the whole of the 
mass was due to the electric charge. The agreement between the ob- 
served and calculated values is so close that it leads Thomson to say: 
“These results support the view that the whole mass of these electrified 
particles arises from their charge.”® 

Then the corpuscles are to be looked upon as nothing but bits of 
electric charge, not attached to matter at all, just bits of electric charge, 
nothing more nor less. It is this view which has led to the introduction 
of the term electron, first proposed by Stoney, to mdicate in the name 
itself the immaterial nature of these ultimates of our present knowl- 
edge. We have but to eoncede the logical sequence of this reasoning, 
all based on experimental evidence, and the last stronghold of the 
materialists is carried, and we have a universe of energy in which 
matter has no necessary part. 

If we accept the electron theory. our atoms are to be considered 


‘Phys. Zeitschr., 1902, p. 54. 
®* Fleetricity and Matter, p. 48. 
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as consisting of bits of electric charge in rapid motion, owing their 
special properties to the number of such bits within them, and also, no 
doubt, to the particular orbits described by the electrons. If space 
permitted it would be interesting to show how admirably the periodicity 
of the properties of the elements, as expressed in Mendelejeff’s table, 
can be accounted for on the basis of an increasing number of like 
electrons constituting the atoms of the successive elements. We have 
molecules consisting, at the simplest, of two such systems within the 
sphere of each other’s attraction, perhaps something as we have double 
stars in the heavens. 

A possible explanation of the puzzling property of valence is offered, 
in that an atom less one electron, or plus one electron, may be consid- 
ered as electrically charged, and therefore capable of attracting other 
bodies, oppositely charged, to form electrically neutral systems. An 
atom less two electrons, or with two electrons in excess, would have 
twice the ability to combine, it would be what we call divalent, and so 
on. An electronic structure of the atom furnishes a basis from which 
a plausible explanation of the refraction, polarization and rotation of 
the plane of polarized light may be logically derived. Hitherto ex- 
planations for the observed facts have been either wanting or more or 
less unsatisfactory. For instance, grant the actual existence of tetra- 
hedral carbon atoms, with different groups asymmetrically arranged 
at the apices, and yet we can not see any good and valid reason why 
such a structure should be able to rotate the plane of polarized light. 
Grant that the molecule consists of systems of corpuscles traveling in 
well-defined orbits, and we see at once how light, consisting of other 
electrons of the same kind, traversing this maze, must be influenced. 

Adopting this theory of corpuscles or electrons, not a concept of 
any value need be abandoned. On the contrary, the theory furnishes 
us with plausible explanations of many facts previously unexplained. 
Its influence is all in a forward direction towards a simplification and 
unification of our knowledge of nature. 

A few words must be said regarding the old, the threadbare, argu- 
ment which, of course, is cited against the electron theory. The 
materialist says he simply can not accept a theory which obliges him 
to give up the idea of the existence of matter; he says the table is there 
because he can see it and feel it and that must end the discussion for 
any one with common sense and moderately good judgment. Now it 
is the reverse of common sense to let that end the discussion, and our 
materialist is pluming himself on precisely those qnalities which he 
most conspicuously lacks. He assumes the obnoxious theory to involve 
consequences which it does not involve and then condemns it because 
of those consequences. As a rule it is because he knows little about it, 
and has thought less, that he assuines the electron theory to be pure 


idealism in an ingenious disguise, that form of idealism which asserts 
VOL, LXIX.—4, 
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that there is no universe outside ourselves and that everything is a 
figment of the imagination of the observer. The electron theory pos- 
tulates a universe of energy outside ourselves. It does not deny the 
existence of the table; quite the reverse, it asserts it and then offers a 
detailed description of it, and why it has the properties which it has. 
This is more than any materialistic theory can do. The electron theory 
affirms the existence of what we ordinarily call matter. It defines, 
describes, explains these things, ordinarily called matter, in a clear and 
logical manner, on the basis of experimental evidence, as a mode of 
motion. It opposes the use of the word matter, solely because that 
word has come to stand, not only for the object, but also for the as- 
sumption that there is something there which is not energy. 

Another groundless objection is offered by the materialists. They 
say this electron theory is clever, perhaps plausible, but very vague and 
hopelessly theoretical. Of course it is theoretical, but it is a theory 
more intimately connected with experimental facts than any other 
theory regarding the ultimate constituents. One departs further from 
known facts in assuming the existence of a something to be called 
matter. What is this matter which so many insist that we must 
assume? No one can define it otherwise than in terms of energy. 
But forms of energy are not matter as the materialist understands the 
word. Starting with any object and removing one by one its proper- 
ties, indubitably forms of energy, we are finally left with a blank, a 
sort of a hole in creation, which the imagination is totally unable to 
fill in. The last resort is the time-honored definition, ‘matter is the 
carrier of energy,’ but it is impossible to describe it, The assumption 
that matter exists is made then becanse there must be a carrier of 
energy. But why must there be a carrier of energy? This is an 
assertion, pure and simple, with no experimental backing. Before we 
have a right to make it we should obtain some matter ‘strictly pure’ 
and free from any energy, or, at least, we should be able to demonstrate 
on some object what part of it is the energy and what part the matter, 
the carrier of the energy. We have not done this, we have never 
demonstrated anything but forms of energy, and so we have no evi- 
dence that there is any such thing as matter. To say that it exists is 
theorizing without experimental evidence as a basis. The materialistic 
theory postulates energy and also matter, both theoretical if you will; 
the electron theory postulates energy only. Therefore the electron 
theorv is the less theoretical and the less vague of the two. 

From the philosophical standpoint, having deprived an object of 
all that we know about it, all forms of encrgy, there remains what may 
be called the ‘residunm of the unknown.’? We are not justified in 
saying that nothing remains: we can only say nothing remains which 
affects, either directly or indirectly, any of our senses through which 
we become cognizant of the external universe. If the materialist 
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takes the stand that this unknown residuum is what he calls matter, 
although any other name would be equally appropriate, it must be 
acknowledged that his position is at present impregnable, and that 
sort of matter exists. But it is nothing with which experimental 
science can deal. A fair statement would appear to be: The electron 
theory accounts for, or may be made to account for, all known facts. 
Besides these there is a vast unknown within whose precinets matter 
may or may not exist. 

Michael Faraday is acknowledged to have been one of the ablest of 
experimenters and clearest of thinkers. His predominant character- 
istic may be said to be the caution which he used in expressing views 
reaching beyond the domain of experimental faets. His authority 
rightly carries great weight, and it is therefore of particular signifi- 
cance that he expressed himself more definitely upon these questions 
than appears to be generally known. In an article published in 1844 
he says: 

If we must assume at all, as indeed in a branch of knowledge like the 
present we can hardly help it, then the safest course appears to be to assume 
as little as possible, and in that respect the atoms of Boscovich appear to me 
to have a great advantage over the more usual notion. His atoms, if I under- 
stand aright, are mere centers of forces or powers, not particles of matter, in 
which the powers themselves reside. If, in the ordinary view of atoms, we 
eall the particle of matter away from the powers a, and the system of powers 
or forees in and around it m, then in Boseovich’s theory @ disappears, or is a 
mere mathematical point, whilst in the usual notion it is a little unchangeable, 
impenetrable piece of matter, and m is an atmosphere of force grouped around 
it. . . . To my mind, therefore, the @ or nucleus vanishes, and the substance 
consists of the powers or m; and indeed what notion can we form of the nucleus 
independent of its powers? <All our perception and knowledge of the atom, 
and even our fancy, is limited to ideas of its powers: what thought remains 
on which to hang the imagination of an a independent of the acknowledged 
forces? A mind just entering on the subject may consider it difficult to 
think of the powers of matter independent of a separate something to be called 
the matter, but it is certainly far more difficult, and indeed impossible, to 
think of or imagine that mattcr independent of the powers. Now the powers 
we know and recognize in every phenomenon of the creation, the abstract matter 
in none; why then assume the existence of that of which we are ignorant, 
which we can not conceive, and for which there is no philosophical necessity ? 

There is a striking analogy between the present condition of our 
science and our discussions, and those prevailing in the latter half of 
the eighteenth century when the phlogiston theory was almost univer- 
sally accepted. We all now believe that heat is a mode of motion and 
smile at the thought that there were those who considered heat as a 
material, The materialistic theory is the phlogiston theory of our 
day, and perhaps the time is not far distant when the same indulgent 
smile will be provoked by the thought that there were those unwilling 
to believe that matter is a mode of motion. 


* Experimental Researches in Electricity.’ Michael Faraday, Vol. 2, pp. 
289-91, 
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PURE FOOD LEGISLATION 


By ROBERT McD. ALLEN, 


SECRETARY OF THE INTERSTATE PURE FOOD COMMISSION 


VHE facts and evils of food adulteration have been overwhelmingly 
established. ‘They have been published in volume after volume 
of state and federal government reports, and have been sworn to 
again and again by competent experts. State courts have imposed 
fines, and in hundreds of instances manufacturers and dealers have 
confessed that their food is adulterated, and judgments are entered 
accordingly. Yet, the evil is so strongly entrenched in business sys- 
tems that a proposition to put truthful labels on foods and drugs 
intended for interstate commerce has met continuous defeat for more 
than fifteen years at the national capital. 

Most of the states have enacted laws to control the manufacture and 
sale of foods. Some of these laws are good. Others contain bad 
provisions in an otherwise good law, provisions intended to nullify the 
law as it may apply to the several practises which food legislation is 
needed to correct, and such provisions but serve to legalize some 
adulteration which would have been subject to prosecution at common 
law. The main principles of the state laws have been well established 
by the Appellate Courts of the states and by the United States Supreme 
Court in a long train of decisions. With this backing, some eight or 
nine of the states are thoroughly enforcing their laws, and, as a result, 
there is a marked betterment in the food supply coming into such 
states. 

The State Food Control Officials have an organization known as 
the Interstate Pure Food Commission. The commission was organized 
in 1896 for the purpose of bringing about uniformity among the state 
laws and securing the passage by congress of a law to apply to inter- 
state commeree. This commission has held annual meetings, and at 
each meeting resolutions were adopted setting forth urgent reasons 
for national legislation to supplement the state laws. In nineteen 
hundred and three at Saint Paul, Minnesota, the commission called a 
joint meetings of manufacturing interests, state officials and repre- 
sentatives from the Bureau of Chemistry and the Inspection Divi- 
sion of the Bureau of Animal Industry of the United States Depart- 
ment of Agriculture. The manufacturers were given the full privilege 
of the floor, the discussions were frank, and, as a result of the meeting, 
the officials were impressed with the fact that in the preservation of 
the large fruit and vegetable crops much of food adulteration comes 
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from problems which the manufacturing interests are honestly en- 
deavoring to overcome. Asa further result of this meeting, it was im- 
pressed upon all that food-control legislation should be correct labeling 
rather than prohibitive, except where substances are positively in- 
jurious to health. 

The Saint Paul mecting was followed by a similar and larger meet- 
ing at the Louisiana Purchase Exposition in the nature of an Inter- 
national Pure Food Congress, and an exhibit showing adulterated 
brands of foods. The Saint Louis mecting was the largest of its kind 
ever assembled, and was a week, day and evening, of frank, honest 
discussion among officials, scientists and representatives from the 
several manufacturing interests. The congress discussed antiseptics, 
artificial colors, fruit, vegetable, dairy and meat products, confection- 
ery, baking powders, wines, beers, distilled liquors and drugs. Special 
committees reported resolutions on the various questions, and among 
the resolutions adopted was a unanimous endorsement of the Hepburn 
Pure Food Bill which had passed the United States House of Repre- 
sentatives the previous winter. 

For more than twenty years the Bureau of Chemistry of the United 
States Department of Agriculture has thrown the weight of its in- 
fluence to the investigation of food and drug adulteration and its 
effect upon health. This bureau has had the cooperation of the asso- 
ciation of Official Agricultural Chemists in perfecting methods of food 
analyses and in collaborating on a set of food standards. It is the 
agricultural chemist who has detected and called the country’s at- 
tention to the evils of food adulteration. Formerly laws regulating the 
sale of foods were left to the boards of health to be enforced, but it 
is only as the states have created divisions of chemistry in the Depart- 
ment of Health, or have turned the work over to their experiment 
stations, or have organized state food commissions and equipped them 
with laboratories, that results have been obtained under state laws. 

Food and drug adulteration has grown up because interests have 
been permitted to violate certain principles of identification in the sale 
of their products. When purchasers know where a product was made, 
when it was made and who made it, and are informed of the true nature 
and substance of the article offered for consumption, it is almost im- 
possible to impose upon the most ignorant and careless consumers. 
Trade-mark law requires correct labeling as to who made an article 
and establishes the principle that a man is not to sell his goods 
under the pretense that they are the goods of another man, nor 
can he use any means which will contribute to this end. This prin- 
ciple has been upheld in courts as not only necessary to secure to each 
man the fruits of his own toil, but also as a protection to the public 
against fraud. Only the one, however, whose trade-mark is infringed 
has a cause of action before the courts, and where there is a business 
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arrangement, or where monopoly operates, to put the combined product 
of many factories into the market under that trade-mark which is 
most in favor with consumers the public have no remedy at trade-mark 
law. The large wholesalers oppose the proposition to have the label 
tell, under all circumstances, the name of the rea} manufacturer. The 
independent manufacturing firms strongly favor it. There is nothing 
so fatal to monopoly or so stimulating to the competition of individual 
merit as where law requires an article of merchandise to be always 
identified in the market with the name of the person or firm who 
made it. 

Congress has passed several laws relating to inspection and cor- 
rect labeling. In 1890, a law was passed authorizing the inspection of 
meats intended for export, and forbidding the importation of adulter- 
ated foods and drugs. In 1891, the meat inspection provided for in the 
act was extended to meats intended for interstate shipment. ‘The pro- 
visions of this law were further extended in the Appropriation Act of 
the United States Department of Agriculture for 1905 to apply to 
daily products intended for export. In 1896 congress provided for the 
bottling of genuine whiskey in bond and its identification to the con- 
sumer by means of a tax stamp over the cork. In 1897 a Jaw was 
passed prohibiting the importation of inferior teas, and providing for 
a board of experts to adopt standards by which to measure the quality 
of imported teas. The law and the provision authorizing this board 
of standards have been held to be constitutional by the United States 
Supreme Court. During the war with Spain a special tax was levied 
upon certain products, among them adulterated flour. The tax stamp 
served to identify the flour subject to this tax, and the business was at 
once destroyed. In repealing the war taxes the act relating to adul- 
terated flour was not repealed. 

In 1896 Congress passed an act providing for the taxing and label- 
ing of filled cheese. Oleomargarine was a subject of federal legislation 
as early as 1885. ‘This act was passed as a tax measure, and in con- 
nection therewith provided for the proper labeling of oleomargarine. 
This law was amended in 1902, fixing the tax on oleomargarine, colored 
to resemble butter, at ten cents per pound, and on the uncolored at 
one fourth of one cent per pound. It also taxes renovated butter, and 
requires it to be so branded. 

The Appropriation Act of the United States Department of Agri- 
culture for 1903 and snbsequent appropriation acts have authorized 
the Secretary of Agriculture to put into effect the act of 1890 relating 
to the importation of adulterated foods and drugs, and to adopt and 
fix standards for guidance in the enforcement of the law. Appropria- 
tion acts of the Department of Agricultnre have also authorized the 
study of the effect of antiseptics and artificial colors on the human 
system. It was under these acts that the chief of the Bureau of 
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Chemistry, assisted by details from the medical staff of the army, 
experimented with the ‘ poison squad,’ and as a result has recommended 
against the use of salicylic, benzoic and boric acids to preserve foods. 

Congress passed a good law in 1902 prohibiting the misbranding 
of foods as to the state or territory in which the product is produced. 
This law was passed primarily to keep western cheese producers from 
labeling their product as ‘ New York’ cream cheese. The law applies, 
however, to all foods, and it puts into partial practise one of the im- 
portant principles of identification, namely, where a product is made. 
Where a product is made is an important bit of knowledge. Foods 
sometimes have exceptional qualities by reason of certain conditions of 
climate and soil and skill in packing or preserving. And so it is that 
certain fruit, vegetable, dairy and wine districts are known for the 
superiority of their products. The producers in these districts have 
the right to an honest market, while consumers should have the means 
to identify the foods from such districts should they so desire. 

Correct labeling as to the geographical place of production pre- 
vents imposition in another way. A man can pack cottonseed oil for 
interstate commerce and label it ‘olive oil,” but if he is compelled to 
state that the ‘olive oil’ is packed in Georgia or Alabama, the public 
becomes suspicious that it is getting cottonseed oil. A ‘ New Orleans’ 
molasses, packed in one of the glucose districts of Illinois, is open to 
the same suspicion. <A can of ‘salmon,’ packed in Minnesota, is known 
by its place of production to be carp. Between products of the same 
class this law is effective; but between the imitation and the product 
imitated, it is of httle avail, for raw materials can be shipped into a 
district famous for its cheese, jelly, syrup, wine or whiskey, and the 
label of the imitation then bears legally the name of that district which 
is in favor with consumers. 

Federal legislation is incomplete. The Hepburn-McCumber-Hey- 
burn Pure Food Bill proposes to complete it. Not by a tax, but by 
a law which will command all the principles of identification to be 
truthfully and fully represented before foods, drngs and liquors are 
allowed shipment from one state into another. Such a law will make 
it possible to follow fraud across the state border and to punish the 
person responsible for the manufacture of an adulterated or misbranded 
product. Such a law will tend to unify state laws, but it will not in- 
terfere with state laws nor will it protect that state which does not 
maintain equal inspection over its own commerce. 

The attitude of the food interests toward pure food legislation is 
either passive or antagonistic. The meat packers represent to con- 
sumers that their meat is ‘U. 8. government inspected’ The act of 
1890, which relates to physiological wholesomeness only, permits them 
to make this representation, although meats, ‘U. 8. government in- 
spected,” may contain antiseptics, aniline dyes, cheap fillers and any 
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other adulteration or misbranding which the packer may find profitable 
after the carcass has passed veterinary inspection. The packers are con- 
sidered to be opposed to a law which will prohibit or make public these 
added adulterations. The butter people have secured all the special 
legislation they desire and of course take little interest in a general food 
law. In fact a general food law may in the end restrict the use of 
artificial color in butter. 

The brewers support the bill. This is brought about by the in- 
fluence of strict regulations in Germany. ‘The wine growers favor the 
bill on account of the advantage which the port inspection gives foreign 
wines over the uninspected American wines. Wines, however, are 
largely distributed through the wholesale liquor dealers. The majority 
of wholesale liquor dealers are also rectifiers. The rectifier, either 
through lack of confidence in his product, or some misunderstanding 
regarding the purpose of the bill, is its strongest opponent. The wines 
of any firm openly supporting the bill are therefore liable to be dis- 
criminated against. 

Some manufacturers of catsups and other condiments fear that 
the law will prohibit the use of antiseptics. Others announce that 
such articles can be put up without these preservatives. The manu- 
facturers of imitation jams and jellies supported the law at first, be- 
heving that it would bring about a uniform system of labeling. The 
enforcement of the labeling provision under the state laws, however, is 
now proving that consumers prefer the genuine product. The inde- 
pendent firms which put up pure foods of all kinds are for the bill; 
but such firms are not organized, maintain no lobby, and with several 
aggressive exceptions write few letters to congressmen and do litile 
of anything else to offset the influence which the organized interests 
array in opposition. The reasons for using antiseptics, artificial 
colors and flavors and otherwise adulterating foods may be controverted, 
but no one will deny the right of consumers to know it whenever such 
adulterations have been practised. Manufacturing firms realize this 
and they are preparing to meet what they know consumers will demand 
when law compels such labeling. The head of a large association of 
food interests well expressed this in saying: “I have lost sleep for 
several years trying to see some way around the movement, but there 
is only one thing to do and that is to prepare to meet it.” The ma- 
jority of the food interests are preparing. Firms which began several 
years ago io so shape their business are ready. Others will be ready, 
but they would like to see such laws postponed for one or two more 
years. When the expense of making the change is incurred and the 
pure food policy has been inaugurated, business itself will demand 
the enactment of strict inspection laws. 

All practical reform must be financed. Pure food is a sentiment 
until put into practise mm the dairy or factory. The practise does not 
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continue without profit. The profit is uncertain, often impossible, 
until the Jaws of the state and of the nation command that every 
article of commerce shall be sold under its own name and upon its 
individual merits. 

In the enforcement of the state laws, in the committee hearings con- 
cerning the proposed national law, the dominant questions have been, 
and, in the event of the passage of the national law, will be, artificial 
colors, antiseptics, standards and labeling. And at the present time 
the adulteration and misbranding of drugs and liquors occupy a promi- 
nent place in the pure food issue. 


Artificial Colors 

In a pinch of aniline dye there is all of the color which a cherry- 
tree can produce in one season. The cherry juice or the cherry jelly 
is refreshing and invigorating, while the aniline dye, whether harmful 
or harmless, is without food value, lifeless and dead. 

Genuine color and flavor are the truest representations of quality 
and purity, and the artificial color or flavor is per se a deception. Even 
in confections when the product purports to be flavored with lemon, 
vanilla, cinnamon, ete., and is not, the artificial color or flavor works 
a fraud. With the aid of color every article of food has been in ap- 
pearance successfully imitated. With artificial color to depend upon, 
there is little need for selecting the best suited feeds and treating and 
culturing cream in such a manner as to produce a delicions butter with 
sufficient natural color. Little attention need be paid to the growing of 
fruit and vegetables uniform in color and quality, or to the treatment 
of the wholesale lot so that it will be uniform when it leaves the process 
of preservation, since no care in production or preservation can produce 
a color which can compete with that added by the aniline dye. 

The manufacturers claim, and it can not be disputed, that the use 
of a harmless color to restore the appearance of a product of otherwise 
good qualities is not concealing inferiority, but makes the material, 
which is standard in all other qualities, pleasing to the eye. But 
where can the line be drawn? Once throw the gate open and the imi- 
tator enters with his saccharin and glucose, starch and waste products 
from the fruit factories and artificial acids to color compounds for the 
market which are often worthless and sometimes harmful. 

Color should no longer be a subject of class discrimination. The 
dairy interests defend its use to improve the quality of cheese and 
butter; the packers, to change the appearance of their oleomargarine : 
the vinegar factories to help them make cider vinegar without apples: 
the French, to protect their industry in coppered peas; and all the 
imitators as their modus operandi in deceiving the public. In each 
and every instance it either deceives as to the quality of the product 
or aids in the sale of that which has no value, or assists the sale of 
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some product under the name of another, at, perhaps, double its market 
price. 
Antiseptics 

Antiseptic preservatives are substances to be restricted, if possible, 
prohibited. ‘This is the conclusion reached in all legislation, in the 
reports of scientific commissions appointed by governments to inquire 
into the use of antiseptics in foods, and by the large majority of ex- 
perts who have studied the effect of the long-continued use of minimum 
quantities upon the human system. 

Those who employ antiseptics to aid in the preservation of foods do 
not defend this use because of wholesomeness, but because of condi- 
tions—honest problems—in the production and sale of soda fountain 
syrups, tomato catsup and similar articles put up ready to serve, and 
which remain open for a week or longer until the contents of the 
package are consumed. And in this defense the reasons come more 
from the market—‘ rough handling in shipping,’ ‘the hot grocery 
shelf,’ and ‘the careless consumer —than from problems in pro- 
duction. 

The antiseptic is the competitive foe of cleanliness and other 
hygienic practises which should attend throughout the production and 
sale of foods. The antiseptic is often used in foods of otherwise high 
standards, but it is more often found substituted for wholesome prac- 
tises or ingredients. Its use discourages the perfection of healthful 
ways for keeping foods—chilling, sterilizing, ripening, curing and the 
combination of one food substance with another—which have not only 
given us food preservation, but have added delicious and wholesome 
variety to what we live on. 

Some of the state laws specifically prohibit the use of antiseptics 
in foods. Other laws prohibit the addition of ‘injurious substances ’ 
to food products, and in the enforcement of such provisions, as in 
Pennsylvania, for example, the court holds that such a provision apples 
to the use of a harmful antiseptic even in a minimum quantity. In 
Connecticut and Kentucky, while the law prohibits the addition of 
‘injurious substances’ to foods, it also requires the use of any anti- 
septic to be made known to the purchaser or consumer. Under the 
enforcement of this labeling provision Kentucky, for example, has 
meats without boracic acid, milk without formaldehyde, jellies and 
fruit juices without salicylic acid, while some of the manufacturing 
firms are successfully putting up tomato catsup and soda fountain 
syrup without the use of benzoic acid or other antiseptic preservatives. 

In a letter to the Kentucky department a manufacturer of tomato 
soup writes: 


During the season of 1905 and henceforward the use of coal-tar dye and 
benzoate of soda will be entirely discontinued from onr product, for we have 
arranged to make it entirely from fresh tomatoes in the height of the packing 
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season which will enable us to produce a palatable looking article without the 
color, and relieves us from the necessity of putting away stock and preserving 
it with benzoate of soda to avoid fermentation. 


Tn a letter from one of the meat packers it is brought out that 
one manufacturer is required to use boracie acid to maintain a com- 
petitive keeping quality with the other manufacturers, if there is no 
law or enforcement of law to prevent or make public the use of anti- 
septics in meats. 

Writing of the experiment with tomato catsup without an anti- 
septic, the manufacturing head of one of the large firms says: 

I believe that within five years, if that long, we could create ideal condi- 
tions in this country, and the consumer could be educated to take better care 
of such goods as are perishable and liable to spoil on his hands if not con- 
sumed within a certain time. Smaller packages would help to a large extent 


in that direction. In fact, there are numerous ways by which eventually we 
may accomplish that which is desirable to be done. 


The head of the market end of the firm, writing about the experi- 
ment later says: 

We are making a strenuous effort to have every variety of our goods abso- 
Iutely pure and free from any antiseptic whatever. But you appreciate thor- 
ougly the enormous undertaking this is, and, further, the great interest which 
we have at stake which makes us proceed slowly. Starting several years ago 
with our experiments on tomato catsup, we put out at first five or six thousand 
dozen; the next year we doubled that; the next year we doubled that again; 
this year we are going to put out approximately four hundred thousand dozen 
eatsup, which will be absolutely free from any coloring matter or antiseptic. 
With this season’s work a success, we will have demonstrated beyond any possi- 
bility of doubt the putting up of catsup without any antiseptic. After that 
you will be free to say to every manufacturer who sells otherwise, ‘ Look at the 
thousands of dozens of catsup that ... has on the market which stand the 
test of shipping, of climate, and, afterwards, the hot shelf of the grocery store, 
and still the consumer gets the goods in prime condition and is well satisfied 
with the flavor.’ 


Tomato catsup has been claimed to be the most difficult product to 
put out without some antiseptic. 


Added or Otherwise 

The provisions of the food laws and of the proposed National Pure 
Food Law apply principally to adulteration by addition and to adul- 
teration by taking away. There is a third class of adulteration. Foods 
may be unfit for consumption by reason of inferior methods of produc- 
tion or preparation, carelessness in handling, inherent disease, and the 
spoilage to which foods are subject by their very nature. Many 
foods at certain stages of production or preparation are unfit for con- 
sumption—a green peach and new whiskey. Many of the fruits and 
fruit or grain products contain in their composition certain normal 
poisons, poisons which a food law wonld prohibit being added. It is 
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said that in some instances these poisons are not active in the com- 
binations in which nature puts them, but whether active or not active 
when people eat a natural product they know the nature of that which 
they eat, and when a food law requires this product to be put up in its 
best form and to be identified to the consumer, it has gone as far as is 
necessary. 

The opponents of the Hepburn-McCumber-Heyburn Pure Food Bill 
argue that it is unfair, because it prohibits the addition of poisonous 
ingredients, and yet permits a poisonous ingredient when inherent or 
normal in the product. This argument is plainly invented to divert 
attention from the question of honest labeling. It seems at first 
plausible; but its fallacy and purpose are evident upon short analysis. 
The proposed law prohibits directly the sale of animal or vegetable 
substances which are diseased, spoiled, or otherwise unfit for food, and 
the majority of the other provisions of the bill apply indirectly to 
adulterations present without having been added. Adulteration by in- 
ferior methods of production or preparation necessitate the artificial 
colors and flavors, antiseptics and other added substances which the bill 
proposes to regulate. Imperfect natural food bears its own condemna- 
tion in its unpalatable flavor and inferior color, and such a food, 
therefore, must be supplemented and disguised by the added artificial 
before it will sell. When the artificial is added the law operates. 
Foods which possess a natural color and flavor pleasing to consumers 
are the result of the highest arts of production and preparation, and it 
is not for such foods that food control legislation is necded. 

The whiskey rectifier or blender in particular has attacked the word 
‘added’ in the following provision : 

If the package containing it (the article of food) or its label shall bear 
any statement, design or device regarding the ingredients or the substance con- 
tained therein, which statement, design or device shall be false or misleading in 
any particular, provided, that an article of food which does not contain any 


added poisonous or deleterious ingredient shall not be deemed to be adulterated 
or misbranded in the following cases. 


No open argument can be put forward against the first part of this 
provision, but from the overwhelming evidence of such misbranding, 
not only in the sale of liquors but in the sale of all foods, it is evident 
that there must be a powerful secret opposition to it. This opposition 
manifests itself in charges of ‘ government bureaucracy,’ ‘ the tyranny of 
standards,’ ‘ differences of opinion between scientists,’ ‘ the competency 
of the agricultural chemist versus the competency of the physiological 
chemist in determining adulterations,’ ‘added or otherwise,’ ‘the con- 
stitution,’ ‘the enforcement of law by an individual instead of by the 
courts,’ as if it were possible under the state and federal constitutions 
to enforee any law in case of dispute by other than the courts. 
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Application of the Law to Whiskies 

The pure food issue covers, and should cover, all substances in- 
tended for human consumption, and the fact that any subject covered 
in the issue is difficult and unpleasant is the more reason why it should 
be included. 

Whiskey is ethyl alcohol and natural flavor. Brandy is ethyl 
alcohol and natural flavor. The difference is the difference in flavor. 
The flavor of genuine whiskey comes from the grain, secondary 
products—fusel oil—distilled over with the ethyl alcohol and ripened 
into the flavors of ‘rye’ and ‘ Bourbon’ whiskey. The new whiskey 
with its unripened secondary products is like the green peach, unfit for 
consumption. The quality of the flavor of whiskey depends upon the 
quality of fusel oil and the method and period of aging. The quality 
of the fusel oil depends upon the quality of the grain and water used, 
the preparation of the mash and the methods of heating and distilling. 
The new product is ripened by putting into charred oak barrels and 
storing these barrels in warehouses. These warehouses are under the 
lock of government officials, primarily to see that none of the product 
is taken away until the tax is paid. Whiskies may be taken out of this 
warehouse at once, or they may be permitted to remain for a period 
of eight years before the government collects the tax and ceases its 
control. Most of the whiskey, however, is tax-paid and removed 
from bond before it is three years old. The rectifier or blender claims 
that he has a process for producing palatable whiskey without the ex- 
pense and delay of the barrel-aging process. The rectifier, however, 
colors, beads and labels his product in imitation of the aged whiskey. 
If the process has the merit which is claimed for it, there should be 
no Injustice and all advantage in a law requiring rectified whiskey to be 
labeled for what it is. 

When the tax is paid on distilled spirits the government puts a 
stamp on the product to show this fact. Formerly these stamps were 
only put on barrels. Consumers do not buy the product by the barrel, 
and so in 1896, following the investigation of the whiskey trust and 
the adulteration of whiskies, congress passed an act permitting a tax- 
paid certificate stamp to be put over the corks of bottles. Whiskey to 
be so bottled must have remained in the bonded warehouse at least four 
years, and must be bottled without the addition of any substance except 
distilled water to reduce it to one hundred proof. This law is optional. 
The four-year period of aging which it requires should be made com- 
pulsory for all whiskey. 

No such supervision is exercised, on the contrary, over the business 
or product of rectifying. In fact, the rectifier or blender holds a gov- 
ernment license to ‘spuriously imitate’ as he pleases, and a law is 
needed to restrain the adulteration which it is possible to practise. 
The natural flavor in genuine whiskey and the government tax are the 
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dominant eosts in production. The rectifier seeks to lessen these costs 
by expansion, or by the addition of artificial essences to neutral spirits 
to make a produet which will taste and appear hke genuine whiskey. 
Sometimes more or less genuine whiskey is mixed with this neutral 
spirit to help the flavor, and when such is the case, and when the flavors 
and other imitations added are harmless, the product has all the rights 
of the market provided it is labeled for what it is. 

New genuine whiskey is often taken from bond before it is suf- 
ficiently aged and syrups are added to make it palatable. Green 
whiskey is unfit for consumption, and this practise should be pro- 
hibited. In one elass of reetified whiskey the mixer not only seeks 
to avoid the eost of produeing the natural flavor, but also to reduce 
the tax cost of the ethyl alcohol by ineorporating some one of the non- 
taxed intoxicants, like wood alcohol. There are no statistics to show 
to just what extent this practise is earried on. It is such stuff as this 
which is sold in the ‘ dives’ of eities and the ‘blind tigers’ of prohibi- 
tion districts, and its crazing effect upon human beings is a matter of 
common knowledge. 

The people who do not drink alcoholic beverages know little and 
eare less about the eomposition and labeling of these products. “They 
are all bad because they eontain ethyl aleohol, and there can be little 
difference between the adulterated and the pure.” Some of the pro- 
hibitionists even fear that the investigation might help to ‘ legalize 
part of the traffie.2 But it would seem wiser to insist that the search- 
light of ehemistry and the law of the honest label shall be applied to 
all substances intended for human consumption, whether foods, drugs 
or liquors. And such a control for aleoholie beverages is the beginning 
of a far-reaching reform. Some things are worthy of the sentiment 
of state rights. The adulteration of alcoholic beverages is not one 
of them. 

Standards 

All agree on the general prineiples of pure food legislation, but a 
controversy arises when it is proposed to apply these prineiples to the 
sale of some special product. The name and describing terms given 
to or meorporated in the label of an article of food or drink have much 
to do with the price and supposed food value of the article so named or 
labeled. ‘The imitation, where law docs not prevent it, goes into the 
market under the name and trade terms of the product imitated, and 
is so mingled in the market with the general food that it is impossible 
for consumers to distinguish between the two. 

It is the purpose of standards to determine and establish the normal 
constituents of each food substance and to so apply and restrict names 
and describing terms that consumers can at once identify the imitation 
from the genuine or the inferior from the superior. The interests 
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which produce the genuine want this principle established; the interests 
which make the imitation do not. 

The purpose of standards embraces the principle of uniform weights 
and measures. The law of weights and measures determines what 
shall constitute a pound or a gallon, and requires that when a pound 
or a gallon is contracted for ithe substance delivered shall weigh or 
measure according to the contract. The law of standards would re- 
quire that a pound of butter and a gallon of honey shall be such, with 
all the qualities of good butter and good honey. ‘This standard prin- 
ciple is well established at common law, but the statute and commis- 
sion are necessary to put it into continuous effect. ‘The impression has 
been created that it is the purpose of food standards to arbitrarily de- 
termine what people shall or shall not eat, when, the fact is, the pur- 
pose is not to prohibit but to identify. Food standards will prevent the 
arbitrary imposition upon consumers which dishonest labeling permits. 

For protecting consumers and to meet the ends of justice in the 
enforcement of food laws it is not only needed to know what this man 
or that man or these two men consider the qualities of a pure product, 
but also, what the collaborated evidence from all of the scientists and 
of all practical experience establish these qualities and the correct 
method for determining them to be. This collaborated result is the 
standard, and is, from its very nature, a protection against error. 

The legal status of scientific commissions appointed by the state 
and national governments to determine certain facts in order to in- 
telligently enforce laws becomes an important question when the find- 
ings of such commissions affect large interests. In the enforcement 
of police regulations against ignorant offenders, and in matters of 
undisputed public importance or danger the rulings of executives and 
the findings of government scientists have been given the warrant of 
law without dispute. But in settling a question which concerns estab- 
lished business, the authority for the appointment and the powers of 
the commission to investigate such questions become a matter of great 
importance. Such a commission exercises, in the consideration and 
determination of technical matters, the combined functions of the legis- 
lative, executive and judiciary up to the point of putting its findings 
into effect. Its findings may go into effect by the mutual assent of the 
interests affected, as is, with but few exceptions, the case where the 
finding is correct. But if disputed, the finding can not go into effect 
with the warrant of law, except under the rules and as the weight of 
evidence. 

In his great speech on the constitutional right of congress to pass 
legislation limiting the power of the inferior federal courts to grant 
injunctions against the decisions of a railroad rate commission, until 
after full review, Senator Bailey savs in defense of giving such a 
commission of experts the fullest powers possible: 


64 POPULAR SCIENCE MONTHLY 


I do not believe that this legislation will lead to the end which some men 
fear. I believe that the ultimate effect will be to promote a better understand- 
ing among the railroads and the people. I believe that when it is made the 
railroads do the people justice, the people will feel less resentful toward the 
railroads; and we will deal with these questions with more of reason and less 
of passion. It will take the railroads out of politics and we will hear no more 
about railroad senators. I want to see every corporation driven out of polities.’ 


Tn opposing the pure food bill the senator says: 


Thus it is that bureau after bureau is built up and we vest them with such 
extraordinary power, until the American people will become a bureaucracy in- 
stead of a democracy—a government in which the bureaus and not the people rule. 

lf the federal government has the power to pass an act regulating the use 
of adulterated, misbranded and imitation foods, it ought to stop when it writes 
upon the statute books that it will be a crime to commit such a commodity for 
shipment between the States and the foreign nations, and leave it to the integrity 
and efficiency of its judicial oflicers to vindicate the authority of its law? 


Why shonld not the senator’s argument in favor of the rate com- 
mission also apply to the food commission? Why should not also the 
liquor corporation, the drug corporation and the packing corporation 
be ‘driven ont of politics’? Why should rate experts, with extraor- 
dinary powers, be trusted to make ‘ the railroads do the people justice,’ 
and food experts, with no limitation upon the courts, be expected to 
build up a bureaucracy antagonistic to the people’s interests ? 

But, aside from these questions and the ‘ efficiency and integrity’ 
of the judicial officers, the district attorneys and federal judges can 
not enforce a pure food law without facts and these facts can only 
be secured through a ‘ burean’ or staff of trained chemists, working 
in well-equipped laboratories under methods of analysis which have 
been established beyond doubt to be correct. ‘There may be some oc- 
casion to fear that errors will be made in securing this evidence. There 
is greater occasion to fear that the investigation will make public the 
deficiencies and adulterations which some interests know to exist in 
their misbranded products. 

The pure food issue is not altogether an issue of ‘fraud’ and 
‘poison, but it is more largely a question of scientific and business 
problems—problems attending the preservation, packing and distribu- 
tion of what the people live on; problems which the colleges and 
universitics have too long left out of their courses, and problems which 
the experiment stations and government departments have too long 
neglected to study in connection with the production of the fruits, 
grains and other products from which foods are made. 


* Before U. &. Senate, April 10, 1906, Congressional Reeord, April 13. 
* Before U.S. Senate, February 21, 1906, Conyressional Reeord, February 21. 
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WOODEN. ELOWERS 


By ORVILLE PAUL PHILLIPS, Pu D. 


BERKELEY, CAL. 


WING to the demand of the uneducated mind for any kind of a 
crude guess rather than an acknowledgment of ignorance, strange 
stortes often spring up around natural phenomena, atiributing, in most 
absurd ways, effvets to causes which have no more eonnection than the 
harnacles and gcese of Gerarde. Especially is this true of the savage 
who deifies everything bevond his knowledge and attributes to it influ- 
ences for good or evil to himself, according to lis first impressions of 
them. Such stories often find credence in the minds of more enlight- 
ened people upon the plea that ‘the Indian lives so close to nature that 
he can not be far wrong in his estimate of natural phenomena.” These 
behevers in the mfalhibility of the ‘ untutored races’ fail to remember 
that the most superstitious person on earth is he who reads nature, as 
does the savage, only by the awe-inspiring phenomena that have forced 
themselves upon his attention most strongly by some accident, without 
any referenee whatever to cause and effect. Cases in point inight be 
cited from every stage in the life of native races, but the following will 
serve as an cxample, and at the same time may clear up in the minds 
of some as to what is the cause of the peeuliar growths known as 
‘wooden roses’ or ‘ wooden flowers,” they having frequently been de- 
scribed to the writer by different botanists as * fungi, ‘ galls,” * knots,’ 
‘disease swellings,’ ete. 

Volcanoes have ever been looked upon with fear by native raees and 
the crater shunned as the doorway to the ‘infernal regions. Agua, 
in Guatemala, had, however, been inactive for so long that when pe- 
euhar forms of plant life, known nowhere else in the region, were 
found near its summit, they were supposed in some way to be connected 
through the extinct, though still feared crater, with the regions of fire 
beneath. They were, therefore. called by the euphonious title of * roses 
of hell, beeause they were believed to be the only flowers that grew in 
whe * lower world" and, having escaped through the crater from that 
levlon, Were supposed to exist nowhere in the world except upon the 
upper portion of the sloping sides of this volcano. 

Because of their supposed origin, these ‘flowers’ were feared as 
having great power for evil. They were supposed to be more poisonous 
than anything upon carth, and any person coming within the influence 
of their inodorons, though not unbeautiful, * petals * was marked for 
sure destruction. 
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Though Agua had been qmiescent for centuries and its rampages 
were known ouly by the dim recitation of Indian tradition, still that 
tradition was strong enough in the hearts of the natives to cause them 
to warn the Spamiards who came to that country in 1524 that unless 
they shunned the influences of this * flower* they would surely be stain 
by the voleano, whose long quiescent throat had permitted the * roses ’ 
to see the light of day as a warning to human beings that, though he 
slept. he was by no means dead, and if aroused the Indians would suffer 
as well as the white man. Despite this warning, the Spaniards called 
their council under the shade of one of the very trees which bore these 
‘flowers,’ and there decided to found the city of Antigua which was to 
be the capitol of the new state of Guatemala. Everything flourished 
in the new city until 1541, when Agua suddenly burst forth im terrific 
defense of his invaded sovereignty, deluging the beautiful valley with 
fifty million cubic yards of water and mud, completely burving the city 
from view and warning the people to no longer trespass upon the evil 
ground, The warning was again unheeded, the city rebuilt upon the 
old site and apparent prosperity experienced until 1778, when it was 
shaken to ruins by the great earthquake. The capitol was then re- 
moved to the new town of Guatemala, bevond the imfluences of the 
fateful * flower” and has therefore never been molested since. This 


Fie. 1. A BRANCH oF (Citrus medica, showing the cup-like, delicately carved ‘petals 
of the ' wooden flowers.’ 
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Fic. 2. A BRANCH oF Citrus medica, showing the parasitic Lorenthus Laudebeckii (Engl.) in 
situ, taken in front of a mirror so as to show both sides of the same specimen. The right-hand 
view also shows one of the cup-like ‘tlowers,’ from which a plant of L. Ladebeckii has fallen. 
This photograph was kind!y made for the writer by Dr. Voigt, of the Botanical Museum of 
Hamburg. 


vindication and fulfilment of the natives’ warning has fastened the 
tradition unalterably upon their beliefs, and no amount of enlighten- 
ment ever shakes their confidence in the direful results that will follow 
the too close inspection of these terrible * roses of hell. 

This pecuhar botanical formation, though strange in its gigantic 
size, is easily explained when the specimens are carefully examined. 
An examination of a number of them by the writer showed them to 
have a *stem* of wood, upon the end of which was the enlargement or 
‘flower. ‘The onter or convex side of the enlargement is covered with 
a contimuation of the bark of the * stem,’ the bark ending at the outer 
edge of the * petals.?. The concave or inside of the * flower” is delicately 
creased like the vems of a petal, running from the center to the 
periphery, as shown by the photographs. Many of the flowers showed 
decided indentations in the periphery, as if divided roughly into four- 
parted * corollas and varying from eighteen to twenty inches in diam- 
eter down to minute growths. They might, therefore, easily be mis- 
taken for flowers by those who can not reason from effect back to canse. 

The real cause of these peculiar growths is found im the biological 
law that every organism will protect itself against outside intrusion if 
itcan. Thus when any foreign substance, whether living or mert, 
enters the living organism, the intrusions are resented by the organism, 
which tries to protect itself by either assimilating the intruder, ejecting 
it, or by building up a barrier aronnd it. Thus when the seeds of the 
parasitic order Lorentheacew adhere to the bark of a tree by the gelat- 
inous coating which surrounds them and there germinate, sending 
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their parasitic roots down through the sap wood of the host to procure 
their nourishment, the host, not being able to eject them entirely, forms 
a ball-lke exerescence around the juncture of the two plants by the 
irritable hypertrophy of the tissues thus caused in the host. If the 
invading plant be pulled out of the growth thus formed, a delicately 
carved socket will be seen, very much like that of these * wooden 
flowers, but upon a smaller seale. 
Thus such a ‘flower, though 
small and usually upon a large 
limb, is formed whenever a mistle- 
toe grows pon an oak. 

These large * wooden roses’ are, 
therefore, nothing more than the 
protective hypertrophied tissue 
formed by the branches of some 
host tree when attacked by a para- 
site, which in this case is a gigan- 
tic species of mistletoe, Lorenthus 
Ladebeckit: (Engl.), growing upon 
any one of several host trees, the 
principal ones being Citrus medica 
and several species of conifers. 
The Ladebechit flourishes in 1s0- 
lated zones throughout the western 
coast of the American continent 
from northern Mexico to Terra del 
Acppax car Pras, hein ore weodan ol wees It has mever been authen- 
* roughly divided into four petals, tically reported from any other 

part of the globe. 
The one remarkable thing which attracts attention to these growths 
and causes them to be mistaken for flowers is the great proportions 
attained by them. The * stem, which of course is a limb of the host 
plant, rarely exceeds an inch and a half in diameter, the parasite evi- 
dently not being able to attack other than the younger and more vigor- 
ously growing shoots. As long as these can supply the nourishment 
for the Ludebechii, it grows, the exerescence upon the citrus becoming 
larger and larger until the distal portion of the branch dies, leaving 
the small inner portion of the branch supporting a large ball from 
which grows the parasite. At the end of a few years, say four to seven, 
sufficient nourishment can no longer reach ihe parasite, either because 
the small supporting branch can no longer carry it, or the protective 
excreseencee has shut it off from the intruder, which therefore drops 
ont, leaving the open, deleately carved formation, which so resembles 
*wooden flowers” as to give rise to the remarkable legend above re- 
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By GEO. H. ASHLEY 


WASHINGTON, Th C. 


SA the San Francisco earthquake, the reading and_ scientitie 

pubhe has become acquainted with the fact. if not already known, 
that the recent disaster was the result, not of voleanie activity, but of 
the activity of the ordinary mountain-making forees. In a_ large 
measure they have become acquainted with the further facets that 
mountain-making forees have long been, and still are, active in the 
immediate region about San Francisco: that as a result of these ac- 
tivities the rocks of the regions are folded and faulted; that the 
faulting is of major importance; that the recent disturbance is aseribed 
by the geologists to movements of adjustment along one or more of 
these fault planes; that investigation after the earthquake along some 
of these lmes gave abundant evidence of differential movement visibly 
affecting the surface. 

These facts, now widely known, start questions along several lines 
of inquiry. One of these lines, having an important bearing on the 
probabilities of future trouble, involves the geologic evidence as to the 
recency of the observed earth movements; the relative value of this 
last displacement as compared with past displacements. both remote 
and near; the character and amount of geologically recent movements ; 
in short, as given in this paper. a résumé of the recent geologic history 
of the San Francisco peninsula and the observed evidence upon which 
the statement of that history is based. 

As our interest inereases with the recency of the events the earher 
history will be passed over rapidly and increasing attention given to 
the later events. 

California in Mesozoic time was the theater of profound geologic 
activitv—the movements of subsidence, the vast volume of sedimenta- 
tion. the intrusion of great sheets of igneous rocks, and the final fold- 
ing, crushing and faulting were possibly not execeded anywhere in 
the world during that period. In Tertiary time the same notable 
activity continued. The last expression of that activity in the im- 
mediate neighborhood of San Francisco consisted of a subsidence he- 
sinning apparently just at or before the end of Miocene time and 
continuing probably a little over into the Quaternary. Coincident with 
this subsidence was sedimentation that locally resulted in the laying 
down of over 4.700 feet of sediments. .\ remnant of these deposits. 
known as the Merced series, stretches from the citv limits of San 
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Franeisco sonthward along the coast for 4 miles, beautifully exposed 
in bare chifs 700 feet high. 


A study of the geology shows that 
this fragment lies 


between two fault planes, beyond which no traee 
of it i fonnd for many miles. Calculation shows that on either 
side of this depressed block there has been elevation during Quater- 
nary time of about 144 miles with part passu removal of the Mereed 
series and deep erosion of the underlying basement. The time interval 
is best measured by the erosion of the mile of Mereed sediments. As 


exposed to-day upturned along Seven-mile Beach, these consist mainly 
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Fic. 1, SKETCH Map OF NORTHERN PART OF SAN FRANCISCO PENINSULA, Showing position 


of the three faults to which the discussion in this paper is confined. 


of half consolidated sands, clays and hard conglomerates, ringing under 
the hammer. To have removed such a volume of rock would appear 
to have required most of Quaternary time, especially as the underlying 
hard pre-Tertiary sandstones, 
eroded. During this 
some extent. 


serpentines and cherts were also deeply 
movement there were volcanic ontpourings of 
There also appear to have been interruptions to the 
movement which do not affect the main problem now, and will be 
passed by. The final result probably left the whole region about San 
Francisco dry land, cxeept for the water courses. Sand dunes and 
Wash deposits abounded then as to-day. The Monterey ecvpress and 
Douglass sprnee grew abundantly near San Francisco, some of the 
latter reaching a diameter of four feet. or more. The mammoth or 
mastodon roamed the peninsula at that time. 
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FIG, 2, SECTION OF SEVEN-MILE BEACH AND BEYOND; from mouth of Lake Merced, show- 
ing position and exposnre of Merced series of rocks. This remnant of this series lies between 
the San Bruno fanit plane at the north and the San Andreas fault at the south, Its entire ab- 
sence from the San Brnno Mountains to the north and Mount Montana to the south is part of 
the basis for the theory that since its deposition there has been uplift along the two faults 
which lifted the terrritory outside of these faults nearly or quite 2 mile and one half above sea- 
level, and that erosion, not only planed down the folded rocks of this block, but entirely 
removed the Merced rocks either side of this block. 
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Fig. 3. FIGURE SIOWENG POSITION OF RECENT MARINE DEPOSITS ABOVE SEVEN-MILE BEACH 
and the relative movement along the two fault planes, 


Since then two events are clearly shown in the records; these are 
subsidence and diferential uplifts. The snbsidence carried most, if 
not all, of the San Francisco peninsula below its present elevation, 
flooding the vallevs and leaving the hills of the city largely an arch- 
pelago. Marine deposits were laid down on top of the clearly recog- 
nizable sand dunes and wash deposits, containing in many places 
the trees mentioned above. Following that came local uphft, raising 
these marine deposits to elevations of over 700 feet above sea-level just 
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Fie. 4. MtssEL Rock FROM THE SOUTH, showing marine Pleistocene (@) overlying sand dunes 
(e) and igneous rocks (4). 
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Fie. 5. RAISED BEACH NEAR LOBETUS, Quaternary overlying Merced Strata. 


about San Francisco, and double that farther down the coast. These last 
movements were differential, and it is quite possible that in some cases 
the two took place together. In the same way, it 1s quite possible that 
while in parts of the area the evidenee suggests elevation continuing 
at present, elsewhere subsidence is in progress, though not so evident. 
The point of speeial interest in this connection is the fact that this 
differential movement about San Francisco is clearly a movement of the 
fault blocks and reveals slipping along these planes of faulting of 
hundreds of feet in times so recent as to suggest that much of it may 
have taken place simee the human occupation. 

Considering first the evidence of movement, a good example is 
furnished by the San Andreas fault, where it reaches the ocean at 
Mussel Rock. At the foot of the parallel San Bruno fault a few miles 
to the northeast the recent marine deposits are about at sea-level. 
Coming south along the sea-clif or southwest. these deposits are clearly 
seen rising. making distinct benches in the little stream valleys where 
they overhe the wind and wash deposits of the preceding stage, these 
wash deposits in places bemg full of half exposed spruce logs, which the 
neighboring inhabitants use for firewood. Before the San Andreas 
fault is reached, these deposits have risen to over 700 feet above sea- 
level, Iving on the truneated upturned edges of the Merced strata. As 
soon as the trace of the San Andreas fault has been crossed, the top 
of these sediments is found at only 220 feet above sea-level, whence 
it descends until within a short distance it reaches the level of the 
beach, Tlere is therefore clear evidence of movement along the fault 
plane of several liundred feet since this last submergence. The ques- 
tion of most mterest then becomes: How recent was this last uplift ? 
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Farther south on the oeean side of the San Francisco peninsula the 
coast is fringed with a raised beach, such as ocenr so abundantly along 
much of the California coast. The top of this beach is 75 to 100 
feet above sea-level. At Purisima, the creek of that name runs out 
across this raised beach through a shghtly ent channel to the very 
edge of the plane where it drops as a water-fall directly into the surf. 
As the rocks through which it would have to ent to reach sea-level are 
the only partly consolidated Mereed series, there is striking evidence 
of the receney of the raising of the beach. Again just south of San 
Francisco are many places in which the recently raised deposits and in 
slighter degree the underlying Merced rocks have been trenched to 
depths of as much as 75 feet since the production of the Coast and 
Geodetic Survey map of this region in £869, The fact that so large a 
part of these recent deposits still remains in view of this rapid erosion 
impresses one in the field most profoundly. 

There is another line of evidence to which the writer refers with 
some hesitation, Indian shell mounds abound along the California 
coast. In many cases these now ocenr spread out im thin sheets, ap- 
parently forming the surface laver of the raised beaches over such large 
areas that in his first study of them he was deceived and considered 
them im many cases as marine deposits. As he remembers them now. 
be can not help thinking that in many eases they have heen reworked 
by water before the final uphft. In one case the wnter found an 
Indian skeleton, evidently formally buried, half exposed in the side of 
a stream channel so narrow as to force one to the conclusion that the 
channel has been entirely eut since the burial of the body. This is 
only a fraction of the evidence that in the field leads one to consider 
this last uplift as a thing of vesterday, and in all probability of to-day 
also. or, in other words, that these differential uplifts are still in 
progress. 


A final question of maximum interest is: Is there physiographic or 
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Fig. 5 A PORTION OF THE U. 8. GEOLOGICAL SURVEY MAP FROM MUssEL Rock southeast- 
ward nearly to san Andreas Lake. showing topographic environinent of a chain of ponds and 
undrained basins believed to be due to recent earthquake movements. 


7a POPC A SCIEN E, WOCPTiEy 


other evidence that there has been sudden slipping along these fault 
lines in very recent years, comparable in importance with movements 
of two months ago, especially as expressed in fault scarps? According 
to the preliminary report of the earthquake committee, the rupture of 
April 18 shows a horizontal displacement averaging 10 feet, and a 
vertical displacement not to exceed four feet. How long such a sur- 
face disturbance can be subsequently recognized is a question. The 
San Andreas fault belt is well situated for the noting of any such dis- 
placement for several miles southeast of Mussel rock, in many eases 
the actual fault planes emerging in sublevel pasture land at the sur- 
face. Neither the writer’s notes nor his memory now yield any evi- 
dence of such a searp. On the other hand, the fact that where such 
evidence might be sven has long been subject to the tramping of cattle 
renders its absence of less value. En this connection he does not give 
any value to a small scarp noted just back of Mussel Rock. At the 
time, it was considered to be a land slip. A photograph taken of it 
eugeests the possibility of its having a deeper meaning. 

But if such scarps are lacking, there is abundant evidence of another 
kind bearing on this subject. F have spoken of the San Andreas fault 
belt. Such it appears to be rather than a single clearly-defined break. 
Along this belt between San Andreas lake and where the belt meets the 
ocean at Mussel Rock is a string of drainless depressions occupied with 
water part or all of the year. In one or two cases these can be clearly 
-cen to lie directly in one of the lines of faulting. That they are the 
result of fault movements seems highly probable. When were they 
made? ‘That they were made within the last few centuries can not be 
asserted, vet the fact that so many of these shallow basins still exist, 
neither filled ner drained, notwithstanding that in many eases it is but 
a stone's throw to the head of a drain with a high gradient, suggests 
such a possibility. The possible cause of these basins is suggested in 
what appears to have formerly been one, now trenched from two diree- 
tions at the head of Wood's Guleh, a small ravine centting the cliffs 
of Seven Mile heach, a mile north of Mussel Rock. The ravine follows 
a fault with downthrow of 800 feet. At the head a eirque-like cut 
exposed an overhanging fault scarp of 100 feet or more. Against this 
face there appears to have gradually filled in wash from the adjacent 
hills, wind-blown sands and detached fragments from the fault face, 
until the whole thing was buried and later covered with the marine 
deposits of the last submergence. Judged from what is left of this 
filling. it mmnst at one time have strongly resembled the undrained 
hasins just described. The evidence suggests that tIns fanlt scarp 
was produced by a single movement. An elephas tusk found ahout 
79 feet from the top of the filled in deposit agrees with the other evi- 
denee in placing the time of this movement hack to the land period 
preceding the recent submergence. 
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Summing up, the evidence seems to warrant the following state- 
ments? 

1. Since the beginning of Quaternary time there have been dif- 
ferential movements of uplift along fanlt planes on the San Fran- 
elsco peninsnla amounting in several cases to nearly or quite a mile 
and one half. 

2. That these movements have been followed by sibsidence and 
subsequent uplifts, involving sliding of several hundred feet along the 
older fault planes. 

3. That these last movements are geologically of extremely recent 
date, that possibly a considerable part of these movements have come 

‘since the oceupation by the Indians, and probably have continued to 
the present. 

4. That some of the movements along the fault planes, geologically, 
in fairly recent times, seem to have produced more striking pliysio- 
graphic results than any produced the past spring. 

5, That while the recent movement may have reheved the stress 
which the rocks were under to such an extent that it will be many years, 
or possibly centumes, before another such a disturbanee will take place, 
en the other hand, a comparison of the few feet of motion in April 
with the hundreds of feet of movement that have taken place in very 
recent tine suggests that fault adjustments of equal or greater violence 
are liable to occur at any time in the future. And since similar condi- 
vions are known to oeeur all over the Paecitie Coast region, no place in 
that whole district can claim munnnity. 
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TDROBABLY few people are aware that the greatest earthquake our 

country has experienced since its settlement was not the de- 
structive shock at Charleston in 1886, or even the recent terrifving 
manifestation at San Francisco, but was, on the contrary, the now 
almost forgoiten earthquake of New Madrid, the first tremors of which 
took place on the sixteenth of December, 1811. Strange is that trait 
of human nature by which even the most appalling of nature’s mani- 
festations shp rapidly from the memory, so that only a hundred years 
later little but tradition remains of the earthquake which changed the 
configuration of extensive areas of the Mississippi Valley, raising some 
portions, depressing others, shifting the course of streams, draining 
old swamps at one point and forming new lakes at others. Al) this 
and more, however, took place during the suecessive vibrations which 
shook the New Madrid region almost continuously for a period of 
many months in 1811 and 1812. 


The New Madrid BKarthquake 

The night of December 15, 1811, fell qniet and peaceful, and the 
settlers retired little dreaming of the impending catastrophe. At two 
o'clock in the morning, however, they suddenly awoke to find the 
honses over their heads groaning and cracking, chimneys falling, furni- 
ture thrown abont, and the earth rocking and trembling. Groping 
their way to the open fields they huddled together until morming, the 
shock which succeeded shock at short intervals in the darkness keeping 
them from returning to their tottering houses. At New Madrid, on 
the Mississippi, the French population were dancing away the night 
when the shock came and instantly terminated the revelings. joy being 
replaced by terror as they rnshed from the buildings to the open, where 
catholics and protestants alike knelt in suppheation during the remain- 
ing hours of the meght. 

Davheht brought little relief. At seven a rumbling hke distant 
thunder was heard and in an instant the earth was convulsed so that 
no one could stand. Looking at the ground the terrified people saw it 
rise and fall. as earth waves, like those npon the sea, rushed past, wa- 
ying the trees until their branches interlocked and causing yawning 
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eraeks to open where the surface was bent and the swells burst. Giants 
of the forest were split for forty feet wp the stump, half standing on 
one side of the fissure and the remainder on the other. In one instance 
a crack opened in a cellar, swallowing a large number of castings just 
received from Pittsburg and temporarily stored away there. 

Some of the earthquake rents were of great size, having widths of 
thirty feet or more, while some are reported as many as five miles 
in length. Others were cirewlar in form, making basin-like de- 
pressions up to several hundred feet in diameter. Into some of 
these cracks rushed the waters from swamps and bayous, while else- 
where small streams or even rivers left their old beds and made 
new channels through the cracks. In one imstance, a settler living 
en a neck of Jand lying within a great bend or ox-bow started at 
davbreak the morning after the quake to go to his well which the 
night before had been in his yard. But no well was there! Instead 
the river was at his door. Glancing across the water, however, the well 
cowd be seen on the further side. Durimeg the mght a crack had been 
formed between the honse and the well and had been taken possession 
of by the waters, leaving both wnharmed though on opposite sides of 
the stream. 

Accompanying the cracking in many instances there seemed, accord- 
ing to one observer, “a blowing out of the earth, brmging up coal, 
wood, sand, ete., accompanied with a roaring and whistling produced by 
the impetuosity of the air escaping from the confinement .. . trees 
heing blown up, cracked and split, and falling by thousands at a time. 
The surface settled and a black lnquid rose to the belly of the horses.” 
The atmosphere was saturated with *sulphurons vapor, due to the 
gases escaping from the decaying vegetation and coaly matter (lignite) 
deep below the surface in the deposits of the prehistoric Mississippi. 
These gases tainted the air for miles and so affected the streams and 
rivers that the waters, even to a distanee of one hundred and fifty miles 
helow, could not be used for several days. The intense darkness caused 
hy these vapors in the night, and the murky purplish tinge imparted to 
the atmosphere by day, produced a viyid and never to be forgotten im- 
pression on every one who passed through the experience. 

It was along the Mississippi that the destruction reached a maxi- 
mum. A traveler on a flatboat, tied up to the bank about forty miles 
helow New Madrid, speaking of the first shock, savs that the men, 
wakened by the quake, sprang to the deck thinking the Indians had 
made an attack. After daviight. as they were preparing to depart, 
a Joud roaring was heard, sounding like steam cscaping from a boiler. 
This was accompanied by a violent agitation of the shores and tre- 
mendous boiling wp of the waters in huge swells which tossed the 
hoats so violently that the men with diffienlty could Keep upon their 
feet. The sandbars and points of islands gave way, swallowed up in 
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the tumultuous bosom of the river, carrying down with them the 
cottonwood trees cracking and crashing, tossing their arms to and 
fro, as if sensible of their danger, while they disappeared beneath the 
flood, From the check given to the current by the heaving bottom, the 
river rose in a few minutes five or six feet and again rushed forward 
with redoubled inipetuosity, hurrying along the boats, now let loose by 
the horror-stricken boatinen, as mn jess danger on the water than on the 
Tari 

Whole islands disappeared. Captain Sarpy of St. Louis, with his 
family and considerable money aboard, tied up at an island on the 
evening of the fifteenth of December, 1811. In looking around they 
found that a party of river pirates occupied part of the island and were 
expecting Sarpy with the intention of robbing him. As soon as the 
latter found that out he quietly dropped lower down the river. In the 
night the earthquake came, and next morning when the accompanying 
haziness disappeared, the island could no longer be seen; it had been 
utterly destroved as well as its pirate inhabitants. 

Few scientists were in the region durmeg the period of shocks, Dut 
we are fortunate in having handed down to us a realistic picture from 
the pen of the great naturalist Audubon. 

Traveling through the Barrens of Kentueky (of which I shall give you an 
aeeount elsewhere ) in the month of November, I was jogeing on one afternoon, 
when I remarked a sndden and strange darkness rising from the western horizon, 
Accustomed to our heavy storms of thunder and rain, | teok no notice of it, 
as 1 thought the speed of my horse might enable me to get under shelter of the 
roof of an acquaintance, who lived not far distant, before it shonld come up. 
I had proceeded about a mile, when ] heard what L imagined to be the distant 
rumbling of a violent tornado, on which I spurred my steed, with a wish to 
gallop as fast as possible to a place of shelter; but it would not do, the animal 
krew better than I what was forthcoming, and instead of going faster, so nearly 
stopped that 1 remarked he placed one foot after another on the ground, with 
as much precaution as if walking on a smooth sheet of iee. T thought he had 
suddenly foundered, and, speaking to him, was on the point of dismounting and 
leading him, when he all of a sudden fell a-groaning piteonsly, hung his head, 
spread out his four legs as if to save himself from falling, and stood stoek still, 
continuing to groan. 1 thought my horse was abont to die, and would have 
sprung from his back had a minute more elapsed. but at that instant all the 
shrubs and trees began to move from their very roots, the ground rose and fell 
in successive furrows, like the ruthed waters of a lake, and I became bewildered 
in my ideas, as IT too plainly discovered that all this awful commotion in 
nature was the result of an earthquake. 

The vibrations did not ecase for over a vear from December six- 
teenth, the date memorable for the first shock. During the succeeding 
three months 1.874 shocks were recorded, of which eight were violently 
destructive, ten very severe and thirty-five generally alarming. In 
fact. this earthquake is famous all over the world as one of the few 
instances of alinost Inecssant shaking for a period of many months in 
a region remote from the seat of any volcanic action. 
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Some, like the first. were accompamied by disruptions of the surface 
and by changes in elevation of the ground. The country which before 
the shocks was level, with occasional small prairies, was sadly changed. 
In plaees old bayvou-lakes were drained so that corn could be planted in 
their bottoms, while elsewhere Jakes of considerable size were created, 
The surface for hundreds of acres was covered by the sand thrown 
up with the water from the fissures. Even to this day this can he 
recognized in the forest, where it occurs as barren spots upon which 
little will grow, 

A few more years and a century will have passed since the shocks 
so vividly deseribed took place. From a wilderness with a few seat- 
tered settlements. the region has become, in the northern part at least. 
a populous farming region with numerous prosperous towns. The 
great city of Memphis has appeared near the limits of the earthquake 
region at the south, while St. Louis with its hundreds of thousands 
of people is but a little distance outside the area to the north. 

Notwithstanding the development of the region and modifieation of 
the surface by nearly a hundred vears of cultivation, the watchful eye 
can still deteet evidences of the powerful forces which so strongly 
affected the area in 1811. Throughout all the country from New 
Madrid in Missouri southward to beyond the Arkansas line, and from 
the Mississippi river westward to the highlands of Crowlevs Ridge, 
there is hardly an open field which does not show one or more low 
swells of light sand standing out in marked contrast with the dark 
soil constituting the ordinary surface. These are the well-known * sand 
blows produeed by the aetual eruptions of sand and water from 
considerable depths through cracks in the clayey surface deposits. 

Some of the cracks were of considerable length, giving rise to the 
long narrow ‘sand blows, while others were very short, almost all the 
water and sand coming from a single point. In such instances little 
cones or craterlets, as they are called, consisting of low mounds of sand 
with depressions in the center were often formed, 

Even more conspicuous. though less numerous, are the great crack> 
fermed in the earth at the time of the quake. Few people have 
seen these in their full development, as they are hidden in tangles of 
vines in the as yet almost untouched hardwood forests on the bottoms 
of northeastern Arkansas. Turning northward from the lumber town 
of Parkin about thirtv miles due west of Memphis and following 
the old * De Soto trail” ina few hours one reaches the southern portion 
of the earthquake area and is in the midst of earthquake features of 
surprising magnitude. The region is low and is frequently submerged 
for weeks in the spring by backwater from the sluggish rivers, while 
in summer the cane brakes in the more open spots and the thieket= 
of poison ivy and other vines in the forests present additional obstacles 
to the explorer. Wild turkeys. deer, wild eats and even wolves are still 
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T, OSE SLIDE OF EARTHQUAKE CRACK IN NEW MADELD REGION, showing scarp -4 feet in height. 
(Photo by Fuller.) 
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LANDSLIDE Scans NEAR REELFOoT LAKE, TENN . produced by New Madrid varthquake. 
» Photo by Fuller.) 
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found. ‘There are no roads, and for many miles not even a solitary 
settler is to be seen, but with a good horse and a guide familiar with 
the cracks, blows and ‘sand slews, the region ean be penetrated and 
the earthquake features examined. It is in the depths of these forests 
along the St. Francis river that the cracks reach their greatest de- 
velopment. How wide they may have been when first formed and 
how deep, no one can tell. The 
originally steep banks have erum- 
bled and the fissures partly filled 
until at the present time they re- 
semble a deep diteh more than a 
erack. Yet some of these diteh- 
like depressions are still thirty feet 
or more across and so deep that a 
man on horseback can not see over 
the top, even when he has sue- 
eceded in scrambling or sliding 
down the steep sides. From cracks 
of this size there are all gradations 
down to little ones of only a half 
a foot in depth, but all are still 
distinetly recognizable. Most of 
them are within a quarter or half 
a mile from some river and have a 3. TREFS TILTED BY NEW MADRID EARTH- 
‘ : . QUAKE. (Photo by Fuller.) 

general north-south direction, as if 

the surface of the land shifted bodily towards the waterways, leaving 
great rents in the ground where the materials parted. One of the 
smaller of the cracks is shown by one of the illustrations of the present 
ariuele: (Fic, 7 \ 

Fissures of another, but equally conspicuous type are the land-slide 
cracks formed where steep slopes, such as those along the east side of 
teelfoot Lake in western Tennessee, occurred within the earthquake 
area. Here the bluffs, which are several hnndred feet in height, were 
literally shaken to pieces by the shocks, the trees uprooted, overturned, 
or prostrated, and great masses of earth precipitated down the steep 
hillsides. Figure 2 shows some of the scarps thus formed, while 
another shows trees overturned at the same time (Fig. 5). Some- 
times the original trunks are deeayed and gone, all perhaps but a 
projecting stump. but shoots from the original have often taken their 
place as giants of the forest. 

The features for which the New Madrid earthquake is most. re- 
nowned, however, are the swamps and Jakes which resulted from the 


warping of the surface. The former may he seen at many places in 
southern Missouri and northern Arkansas. In the view of such a 
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swamp here given, the water growth in the foreground and the dead 
trunks of the old trees are in contrast to the dense growth of new 
timber which ix gradually reclamiing the swamp (Fig. 4). 

teelfoot Lake, the most noted single feature resulting from the 
earthqnake, is a shallow body of water between the Mississippi river 
and the Chickasaw Blnifs in western Tennessee. It has a length of 
about twenty-five miles, a width of about five miles, and a depth of 
twenty-five feet or more. Previons to the earthquake, it is said, no 
lake existed, the lands being of the ordinary type of fertile bottoms 


4. VIEW IN SUNK LANDS FORMED BY NEW MADRID EARTHQUAKE IN SOUTHEASTERN 
Mrssourl.. (Photo by Fuller.) 


characteristic of the Mississippi, and had early been granted by the 
Spanish to certain favored individuals. Through the land ran Reel- 
foot Creek, a little stream rising in the highlands on the east. 

After the earthquake all was changed. A warping of the surface 
ocenrred across the course of the little Reelfoot Creek, the channel in 
the Jower portion being lifted above its eld Jevel so water no longer 
flowed through it. while the npper part sank and was soon covered by 
the waters that collected behind the harrier, The old channel can still 
he traced by soundings across the lake and the landmarks bounding the 
early erants made out beneath the waters. while to the sonth the 
nearly dry bed of the unlifted creck may be traced to the Mississippt 
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Comparison wilh Later Barthquakes 

In carthquake studies one of the most fascinating lines of research 
is the investigation of the relative intensities of the different shocks. 
Of the various evidences, that afforded by the resulting disturbances of 
the surface conditions is most reliable, Accounts of those who have 
felt the shocks are umreliable in) determining intensities, simee the 
feelings experienced at such a time are largely dependent upon nervous 
temperament. and upon previous experiences with earthquakes. One 
fecling a shock for the first time is often seriously disturbed by 
tremblines to which a resident of an earthquake country would not 
pay the slightest attention. 


5. OLD AND YOUNG GROWTH OF CYPRESS IN REELFOOT LAKE, TENN. The large stumps with- 
out enlarged butts are the old trees killed by the New Madrid earthquake, The living trees 
with enlarged butts are mainly subsequent growth. 


A comparison of the elfeets produced wpon artificial structures and 
upon the earth’s surface by our three great earthquakes, New Madrid, 
Charleston and San Franciseo, seems to show that of the various types 
of phenomena associated with earthquakes, nearly all were more strongly 
developed at New Madrid than at either of the other localities. 

The length of the period of marked disturbance at San Francisco 
was only a few minutes during the eighteenth of April of this year. 
The Charleston earthquake occurred, after a preliminary tremor a day 
or two before, but not felt in the citv on Augnst 51. 1886, the severe 
shocks being confined to a few hours, although not entirely ceasmg 
for three months. In New Madrid, on the other hand, the vibrations, 
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which began on December 16, 1811, continued almost unceasingly for 
several months. while for more than a year they recurred at frequent 
intervals. Even at the present time there is probably not a vear goes 
by without a distinctly recognizable shock. 

In San Francisco few of the better class of buildings were de- 
stroved, and in Charleston, although the damage was great, few build- 
ings collapsed completely, and the eabins were seldom more than 
shaken from their fonndations. In the New Madrid region there were 
no high buildings, one story log or frame houses being the rule, but 
notwithstanding this many are said to have been shaken to pieces by 
the relatively intense shock. 

Again, no progressive wavelike undulation of the surface of any 
magnitude was recognized at the time of the shock at San Francisco, 
but at both Charleston and New Madrid the surface rose and fell in 
waves several fect in height. In Charleston the forests were but little 
alfeeted, but at New Madrid the trees were often thrown together upon 
the ground in confused heaps or snapped sharply off near the ground 
ais: by Anane; 

The streams in the vicinity were little affected by the San Francisco 
shock, and even at Charleston few if any permanent changes resulted 
from the earthquake, but in the New Madrid region the effect of the 
disturbance was very marked. The courses of some of the streams were 
changed—the water following new cracks imstead of the old channels. 
Others were deflected by warpings of the surface, and still others by 


sharp uplifts or faults. giving rise to swamps or bodies of open water. 


f 6. EARTHQUAKE CRATERLET NEAR CHARLESTON, 8S. C.,asit appeared immediately after the 
shock. 
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Cracks were formed by the earthquake in each locality. In San 
Francisco except along the immediate line of faulting they were 
few in number, sinall in’ size, and limited to small tracts of 
especially soft ground or to the steeper hillsides. In Charleston 
they occurred over an area several miles in diameter, but were usually 
under an inch across, except near the rivers. At New Madrid, 
on the other hand, they extended over an area many times as great, 
extending from southern Missouri nearly to Memphis, a distance of 
over one hundred miles, and from one side of the Mississippi Valley to 
the other, and were often many feet in width. No sand is reported to 
have been thrown from the cracks at San [Francisco except in rare cases, 
hut at Charleston numerous craterlets such as shown in one of the 
accompanying iHustrations were formed, from which large amounts of 
sand and water flowed out quietly upon the surface (Fig. 6). At New 
Madrid the sand and water not only came out more frequently and 
covered a larger area, but were ejected with violence, sometimes reach- 
ing, according to observers, to the very tree tops. 

Little change of level oceurred at either San Franciseo or Charles- 
ion. but in the New Madrid region great areas sank and were covered 
by water, one of them now covered by Reelfoot Lake being over twenty- 
five miles long and more than five miles wide. 


Cause of the Shocks 

The shocks in each case have had their origin in the breaking and 
slipping of hard rocks underneath. All rocks of the earth’s crust are 
subjected to stresses of different kinds, such as may be produced by 
the weight of overlving material, by the shrinking of the earth's in- 
terior, or by other causes, aud the time comes when their strength is no 
longer suflicient to resist them, and a break occurs, usually accompanied 
by a crushing of the rock along the fracture or by a shpping of one 
part of the rock over the other. It is this sipping or crushing which 
gives rise to the vibrations known as earthquakes. 

In the San Francisco region this slipping is constantly going on 
and minor shocks have been of frequent occurrence. It was only a 
slightly larger shp than usual which produced the recent disastrous 
shake. In Charleston the slipping was mainly at one time, no pre- 
liminary shocks of importance were felt and few occurred afterwards, 
except during a short period immediately following the earthquake, but 
in the New Madrid country the quaking has continued for several 
hundred years at least. Both the Charleston and New Madrid earth- 
quakes occurred in regions where the carth’s crust is being overloaded— 
in the one instance by the sediments brought down by streams from 
the Appajachian Mountains and in the other by the floods of the 
Mississippi—and the fracturing is beheved to have resulted from the 
readjustment of the harder rocks to the inereasing load, 
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-L Look into the Future 

As to what the future holds in store for the three regions we can 
only judge by the past. The Charleston carthquake, as far as shocks 
of any intensity in recent times are concerned, is unique m the Atlantic 
Coastal region. The equilibrium has probably been regained since 
the slip of 1886, and it may be ages before another occurs. San Fran- 
ciseo, on the other hand, is in an earthquake region, shocks are of 
conmnon occurrence, and another of an intensity equal to or greater than 
the recent disturbance may ocenr at any time, although, on the other 
hand, the temporary adjustment bronght about by the recent slip 
tends to decrease the danger of an immediate severe shock. 

In the New Madrid area, however, the earthqnake of 1811-12 was 
only one of a series. Cracks may be found with trees fully 200 years 
old growing in their bottoms, indicating early shakes of eqnal if not 
ereater Intensity than the last. Nor has the movement yet ceased. 
Every year there are one or more shocks, sutlicient to shake objects 
from shelves, and to seriously affect wells and springs. Only last 


‘ 


sumer the newspapers were full of accounts of such a shock im south- 
eastern Missouri and adjoining regions—the very area of the New 
Madrid earthqnake. Tf there have heen two or more strong shocks 
with an intensity far greater than the Charleston quake, and if the 
readjustment is not completed as is positively indicated by the recent 
shocks, then there is every reason to believe that disturbances of equal 
severity may occur in the future. Such quakes, it goes without saving, 
would be disastrous to such towns as Hickman im Kentneky, Caruthers- 
ville, New Madrid, Campbell and others in Missouri, all of which are in 
the area of disturbanee. The larger cities of Cairo and Meniplis, 
although outside the main area, would also probably suffer severely, as 
they are built on soft deposits overlooking the Mississippi im situations 
fayoring easy slipping towards the streams. Such spots were often 
severely fissured by the early quake. large masses slipping into the 
river, and what has ocenrred once may occur again. St. Louis would 
alzo probably he severely shaken, but its buildings are less lable to 
destruction from a shock originating in the New Madrid area because 
of the remoteness from the pomt of disturbance. 
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THE BPIDEMIC OF TYPHOLD 
FEVER AT PALO ALTO. 

Ix the spring of 1905, the university 
community at Palo Alto was startled 
to find that in about two days upwards 
of one hundred and thirty students 
and about a hundred other people— 
most of them living in the town of 
Palo Alto, but a eonsiderable number 
also i fraternity liouses on the uni- 
versity campus—were attacked by ty- 
The Students’ Guild, the 
of 


phoid fever. 
cooperative 
Stanford University, immediately set 


hospital association 
to work upon the problem of furnish- 
ing hospital service. while the depart- 
ment of hygiene of the university and 
the board of health of the town of 
Palo Alto devoted themselves to the 
investigation of possible causes for the 
outbreak. 

The university town, with a popula- 
tion of about four thousand, was en- 
tirely new and its health conditions 
were ordmarily of the very best, there 
being no slums, eesspools or foulness 
of the ordinary sort. Every sanitary 
precaution had been taken in the lode- 
ing of students. The water supply was 


above suspieion, being drawn from 
The whole ditlieulty 


was finally traced to : 


deep-driven wells, 
single small 
dairy, the milk of which had been the 
source of the infection, 

A tull 
eerned di this case has been published 


account of all elements con- 
ina yeanphlet for tree distribution, by 
Professor J.C. L. Fish, of Stanford 
University. president of the Board of 
Health of Palo Alto, 
analyses of reported cases by Dr. C.D. 
Mosher. 
of infection of the milk supply lw Dr. 
William F. 
to be derived from 


tovether with 


and a discussion of the source 
ln view of the Tes- 


Snow. 


on this case and 


from the nearly parallel outhreak at 


ATIC IS 


Sn at a Pm 


Cornell University which preceded it, 


an aceount of the method of infeetion 
may be fod interesting and useful. 

The report shows that there were no 
cases of typhoid fever in Palo Alto, so 
tar as known, between [894 and 1903. 
On investigation it was found that the 
one thing in common whieh eonnected 
the 
were reported, was the milk supply. On 


ditferent houses in whieli eases 


further investigation it was found that 
the milk man got a portion of his milk 
fron a Portuguese dairy about five 
miles trom the university on a little 


brook tributary to Los Traneos Creek. 


Samples of the water used in washing 
the cans and cooling the milk were ex- 
amined by bacteriologists and found 
to of the 
hbaeillus coli communis, the well-known 


contam large quantities 
bacillus of typhoid fever. 
The investigation of the sources of 
infection at the Portuguese dairy reads 
The seene 
is Jaid in the month of December, 1902, 
at Stanford University and Palo Alto 


like the plet of a tragedy. 


and the immediate vicmity. The 
dranitis persone are taken front 
hemes all over the country. The 


Serpa louse, where the trouble begins, 
is situated on the banks of the Madera 
A 
cousin, from: San Franeciseo, eomes to 


Creek, three miles above Mayfield. 


Soon after his ar- 


rival he complains of feeling ill, and 


Visit tlie Serpas. 


Mrs. Serpa nurses him; she does not. 
consider hint sick enough to demand 
the services of a physician. One week 
the but Alrs. 
Serpa is quite siek herself and Serpa 


later relative is better, 
ealls in a doctor, who pronommecs the 
case one ot typhoid fever. A few days 
more and two of the Serpa children are 
taken GH with symptoms identieal with 
of the the 


Serpa now becomes thoroughly tright- 


those mother and cousin. 
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ened and abando.ws what Httle coopera: ' 


tion in medieal end sanitary precau- 
tions up to this time he has given to 
the physician. Confusion reigns in the 
Serpa house, and many friends come 
from the surrounding ranches to nurse 
the sick and to sympathize with dis- 
tressed husband and father. 

The San Francisco cousin, Serpa’s 
wife and the two children of 
Serpa die of typhoid fever. Friends 
again come to console and remain to 


siek 


be consoled by food and drink. 
the enests are N. and N.’s wife from 
the Ne dairy, 2. and:the fannly of -P. 
from the P. dairy, an aunt and her 
daughter from San Gregorio (a sea- 
coast town forty miles away) and a 


Among 


Portuguese family living on Los Tran- 


cos Creek on the road from the P. 
dairy to Palo Alto. 


When the aunt, with her daughter, 
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Serpa children are ill with typhoid 
fever. In the Portuguese houses on 
Los Trancos Creek, on the road from 
the P. dairy to Palo Alto, are tive eases 
of typhoid fever. At Stanford Univer- 
sity and Palo Alto there are two hun- 
dred and thirty-six cases of typhoid 
The black pall of death hangs 
over the university and Palo Alto. 
Parents all over the country sit in 
darkened homes with bowed heads and 
mourn for the dearly beloved son or 
daughter, while the health officers work 
with sleepless activity. “ By the proe- 
ess of eliinination and by the sequence 
of events connecting the typhoid fever 
at the Serpa house with the P. ilness, 
the outhouse on the bank of the P. 
creek, the rains and the impounded 
water at the dam, the conclusion is 


fever. 


reached that the P. milk was infected 


leaves the Serpa house, she takes with ' 


her two of the Serpa children. The 
first act ends with the genera] breaking 
up and dispersion of these solicitous 
friends to their respective homes. 


The second act begins January, 1903._ 


and the wife of N. He sick at the 
N. dies. 


Ne 
N. dairy with typhoid fever. 


P. lives on the banks of Los Trancos : 


Creek, a few hundred feet above the 
intake of the dairy water system; 
there are no buildings higher up on 
the drainage area of the system. Nine- 


teen Filipino wood choppers and a. 
hundred Jumbermen are employed in 


the hills surrounding the P. dairy; 
they visit the dairy ranch. On the 
banks of the ereek, near the pig pen 
and just above the dairy water supply 
intake, are primitive out-house facili- 
ties for these laborers, 


through admixture with the creek 
water used at the milk house of the 
P. dairy.” 

Dr. Clelia D. Mosher’s contribution 
to the ‘ report’ contains an exhaustive 
study of the symptoms, relapses and 
complications of the reported cases. 
‘he analysis is based on the detailed 
reports of the physicians, supplemented 
by statements from the families and 
the individuals aifeeted, together with 
a careful investigation of the death 
The total number of cases 
reaches 236; this number ineludes 24 


records. 


known cases for which no reports were 
obtained, occurring among students 
who had left Palo Alto after the out- 
break of the epidemic. 

The ages of the patients vary from 
Dr. Mosher 
shows that the most susceptible age, 


two months to sixty years. 


‘between fifteen and thirty years, is far 


P's ehild is sick with fever. P. 
complains of a general malaise. At 


the aunt’s house in San Gregorio, the 
aunt and her daughter and the two 


above the average and 
nuinber of children infected by the fact 
that milk was the source of infection. 


Epiru V. MATZEKE, 


explains the 


LE PROGTIesS 
THE PROGRESS 


GHEE AMBRICAN ASSOCIATION 
THE ADVANCEMENT OF 
SCIENCE. 


Ar the New Orleans mectmg of the 


FOR 


Ameriean Association for the Advance- 
ment of Science the council voted that 
in addition to the regular winter meet- 
ing, a summer meeting should be held 
at Ithaea, N. Y., from June 29 to July 
3. 
holding of more than one meeting a 


For sueh an experiment, and the 


year is avowedly an experiment, the 


place is well ehosen.  Ithaea Is a 


university town and well adapted by 
and 
The campus, where these ses- 


elimate situation for a summer 
meeting. 
sions will be held, is green and well 
shaded. It is nearly 1,000 feet above 
sea level and overlooks from a height of 
400 feet one of the most famous and 
beautiful of the lakes of eentral New 
York. 

in the immediate neighborhood of 
ithaea are many places of seenie as 
well as scientific interest, At Taughan- 
nock, about eight miles away, a water 
fall, 215 feet in height, plunges into an 
amphitheater the forest-topped walls of 
whieh rise vertieally more than 300 feet 

Lueifer 
same dis- 


above the bed of the streain. 
Falls at Enfield 
tanee and numerous other eataraets in 


about the 


the glens formed hy the tributaries of 
Cayuga Lake are also of great interest 
and beauty. The local eommittee is 
arranging for various short exeursions 
to these places and also one to the 
widely known sociological eolony—the 
George Junior Republie. Some of the 
sections are planning to devote their 
meetings exclusively to field work and 
excursions. Papers will be read and 
discussions held at the plaees visited 
during the excursions. 


On Thursday evening. June 28, there 


OL BOLE N CE SO 
Coe aCe Nee 
will be an informal smoker at the 
Yown and Gown Club of Ithaea. On 
Friday afternoon, June 20, the new 


Physies Laboratory of Cornell Univer- 
sity—Rockefeller Hall—will be opened 
and several well-known men of serence 
will speak. On Monday evening, July 
2. a publie address, by Professor J. C. 
Branney, University, on 
~The Great California Earthquake, un- 


of Stanford 


der the auspices of the society of the 
Ni will the 
twentieth anniversary of the founding 


sigma comimeniorate 


of that organization. Other publie lee- 
tures will be given by President David 
starr Jordan, of Stanford University. 
‘The San Franciseo Disaster’; by 
Professor Henry 8. Carhart, of the Umi- 
versity of Miehigan, on *The South 
-\friean Meeting of the British Associa- 
for the Advancement of 
and by Major General George W. Davis, 
US.A., on ‘The Great Canals of the 
World.’ 

In addition to the usual meetings of 
sections, a number of speeial societies 


on 


tion Seience.’ 


will hold sessions m conjunction with 
the Association. Among 
these are the Soeiety for the Promotion 
of Engineering Education, the Amer- 
Physical 


Ameriean 


ican Society, the American 
Chemiea] Soctety, the Society for Chem- 
ica] Industry and the Ameriean Micro- 
scopical Society. 

As has been said the holding of a 
summer as well as a winter meeting 
of the association is an experiment, 
but it is an experiment which should 
have the aetive cooperation of all those 
who are interested in the advaneement 
and diffusion of Until 1902 


the assoeiation met in the summer, and 


science, 


other scientific soereties met in groups 
For a 
large and teeclinieal meeting, the winter 


during the Christmas holidays. 


is the best season, and a large city 


HOS TILLY 


INCE 


Sold 


ad 3 Ey ais ew 


go 
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THE 


But members 


of the association have regretted the 


must be chosen. many 
abandonment of the summer meetings, 
held in 


resort, 


whieh could be a uversity 


town or sumer when out-ot- 
door life and excursions are pleasant, 
old 
friends may be met and new ones made, 
The 
more than twice as many members as 


in 1900, and it should be able toe in- 


and where aequaintanees and 
1 


American Association las now 


crease its service by holding meetings 
that will fill the needs of all. It is to 
he hoped that those who believe that 
simnmer meetings are desirable or that 
the experiment should be tried will go 
to Ithaca. Whether the meeting is 
large or small, it will surely be inter- 
esting and enjoyable, 


THE BOSTON MEETING OF THE 
AWVBIICAN MEDICAL ASSO= | 
CIATION. | 

Tue fiftyv-seventh anual meeting of 
American Medical which 
at Boston on 
largest and most notable in its history. | 


Association 
began June 5 was the 
There were about five thousand members 
in attendance; the scientific 


improve from year to year, and the or- 


sessions 


eanization becomes more etlicient and 
influential. Washington, New York and 
Boston ehiet scientific 
Of the 


thousand leading scientitie men 119 are 


are the three 
centers of this country. one 
in Washington, 119 in New York and 
Jut historic 


85 in Boston-Cambridge. 
continuity has been longest maintained 
at Tjoston, and it seems to lend itself 
better than any other city to a large 
scientific gathering. There the Amer- 


ican Association for the Advancement 


of Seience, the National Educational 
Association and now the American 
Medieal Association have held their 


largest meetings. The governor of the 
state and the mayor of the city main- 
tain the tradition of being eventlemen, 
while a weleome from President Eliot 
The 


conditions in Boston are more nearly 


vives distinction to any gathering. 


those of an English city, and the format | 
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OF SCIENCE. gt 
functions. the receptions and the garden 
parties pass off amore smoothly and 
with less artificiality and aimlessness 
than in other American cities. 

After the 
session, Dr. Louis MeMurtry, of Louis- 


ereetings of the opening 


ville, Ky, the retiring president, intro- 
duced the president elect, Dr. William 
A ot 
inade the annual address. 


Mayo, Rochester, Minn.. who 
Wt was con- 
cerned mainly with the organization of 
the medical profession and its relations 
to the public, emphasizing, though per- 
haps unconsciously, the trades union 
of the 


the topies reviewed were: the need of 


character association. «Among 
union to promote not only the interests 
of the profession, but also the welfare 


of the public: the function of the med- 


ical profession in’ enlightening — the 
public in regard to sanitation, the dan- 
gers from poisonous nostrums and the 
ueed of compulsory vaccination; the 


of the and 


medical departments; the supervision 


provement army navy 


oof medical schools and reciprocity i 


medical licenses; the relations of physi- 
cians to the insurauce companies, con- 
tract practise, and hospital abuse by 
to pay; the 
financial position of the physician and 


patients who are able 
the evil of accepting commissions from 
specialists; the strained relations be- 
tween medicine and pharmacy. In con- 
clusion Dr. Mayo said: * The vital need 
of the medical profession is a harmon- 
jous organization—an organization that 
will encourage right thinking and good 
usave among ourselves, help to secure 
needed medical reforms, compel redress 
of erievances and promote and encour- 
awe the highest interests of its individ- 
tal members: and in this Hes the fu- 
ture usefulness of the profession as a 
whole.” 

The organization of the association 
has resulted in the * 
the 
through the states. 


house of delevates.’ 


representing medical profession 
The county med- 
state 


societies 


societies unite ina 
the state 


pational association, 


ici ~0- 


the 
The subjects dis- 


ciety and in 
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THE NEW BUILDINGS OF THE HARVARD MEDICAL SCHOOL 


Lilds 


A- AOMINISTRATION BUILDING 

B- ANATOMY AND HISTOLOGY BUILDING 

C- PHYSIOLOGY AND PHYSIOLOGICAL 
CHEMISTRY BUILDING 

D- BACTERIOLOGY AND PATNOLOGY BUILDING 

E- HYGIENE AND PHARMACOLOGY BUILDING 

F- ANIMAL HOUSE 


cussed in the sessions of the house of 
delegates were largely those referred to | 
The | 
indi- 


in the address of the president. 
strength of the 
cated by the fact that it hits nearly 
25,000 members and an annual income— 
of about $275,000, 
important factor in organization and in 


association 3s 


Its Journal is an 


the advancement of medical science. 
For the presentation and discussion 
of scientific papers the association is. 
The 
programs at Boston were better than 


divided into numerous sections. 
ever before, but the papers were very— 
diverse in method and uneven in value, 
‘the scientific exhibits were unusually | 
vood, aud were seen to much advantage 
in the new Harvard medical buildings, - 
themselves an exhibit of unsurpassed | 
importance, | 
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perfection. 


OF 


SCHEN Cl: 


——— 


PLAN OF FIRST FLOORS 


TPARVARD 
NCTIOOL 


THE NEW MEDICAL 
Tue new buildings of the Harvard 
Medical Sehool 


illustration or description. 


are beautiful beyond 
They are 
a renaixsanece and reincarnation of the 
spirit of Greck simplicity, dignity and 
It is probable that there are 
no other academie or public buildings 
in America having equal distinction and 


beanty. This, at least. was the im- 


pression made on the present writer, in 


spite of garden parties and unkempt 


surroundings. This opinion, if con- 


_ferred by competent judges, deserves 


special emphasis. because the Jabora- 
tories and Jecture-rooms have not been 
to look 
well, but the buildings were made for 


put into buildings designed 


‘their uses in accordance with plans of 
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of the Harvard medieal fae- 
The thanks of all inen of science 
to the 


Shepley, Rutan and Coolidge. 


members 
uity. 
are due arehiteets, Messrs. 

Professor Minot proposed the * unit 
system’ and Professor Porter the ar- 
rangement of two wings with a common 
and library. The 
adopted for the laboratories ts 25 x 30 


lecture-reen) unit 


feet. accommodating 24 students. aeh 
nit has three windows and ean be sub- 
The 


research 


divided into two or three reoms. 


simaller rooms for individual 
are also divided into mezzonine storeys, 
The windows extend to the ceilings, giv 
ing abundant Leht. and the architee- 
tural effects are in some measure due 
to the piers of pilasters between the 
windows. The buildings can he ex- 
tended by adding new units. and would 
finally form courts. 

The arrangement of the buildings is 
shown in the dlostration and by the 
cround The administration 


eontails 


plan. 
Indkdinge offices, 

the 
Musevm with an area of 22.000 square 
feet. 
and histology. physiology and = physio- 


rooms, leeture-rooms and Warren 


The laboratories are for anatomy 


logical cheunstry, pharmacology and 
hygiene and bacteriology and pathol- 
ogy. each pair having a common amphi- 
theater The 
ments for heating, ventilation, refriger- 
ating 


foot 


and library. arrange- 
ete. are very eomplete. 

The large cost of these biitdings ap- 
pears to be Justified, as the money was 
given for them and might be eharged 
to the city of Boston and the people 
of the eountry as well as to medieal 
education. It is said that the gray 
marble added only three per cent. to 
the cost. The buildings do not, how- 
ever, provide for clinieal work, and as 
there are altogether only 287 students 
in the school, the rent to be charged to 
eveh student is in the neighborhood of 
S500. The 
however, 


number of students will, 
The 
similar amphitheaters, each seating 265 
students is not clear. They may he 
built) for the but the future 
nay show the futility of leeturing to 


INcretse, need of four 


future, 
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students. 
Here the unit system seems to be laek- 
Ing where it was expeeially needed. 
Still less evident is the desirability of 
four separate libraries which will ap- 


large audiences of medical 


parently be both expensive and incon- 
venient. But the fundamental eriti- 
cism Which must be made is the per- 
manent separation of the medical sehool 
from the rest of the university. — It 
appears to the present writer that Har- 
vard has done great harm to itself and 
to education by ‘segregating both in 
time the medical 
It requires the bachelor’s de- 
vree for entrance to the medical sehvol, 


and space work im 


science, 


whereas if the seiences preliminary to 
at the eol- 
lege, the liberal studies would beeome 


medicine were carried on 


less aimless and the professional stud- 


ies more liberal. The separation of 
hberal studies, professional work and 


research does injury to each. 


VR. ADAMS ON PHE AMERICAN 
COLLEGE, 

Phi Beta Kappa address viven 

Ly Mr. Charles Francis Adams at Co- 


THE 


lumbia University has been printed in 
the daily papers of more than one city, 
with and 
This 


means that the address was coneerned 


abundant editorial eomment 
leiters from eorrespondents. 
with an interesting problem or, at all 
events, attacked a problem m an imter- 
Mr. Adams is alleged to 


have said when engaged in writing a 


esting way. 


book upon Puritan life, PE never have 
heen so happy as during the last year; 
] have been destroving people’s ideals.” 
At all events he confesses in the pres- 
ent address to ‘a decided Jaek of faith 
ideals.” The enter- 
taining, and it may he profitable, but 
apart from the eharacteristieally per- 
sonal form of expression it is not new. 


in jeonoelasm is 


Neither is the remedy new though it 
Touelistone’s 
but 


claimed such iv 


words: ‘An ill-favoered thing. sir. 


is as 


mine own.’ 
My. 
famons in t883 by another Phi 


Adams became — academically 
deta 


Kappa address on * The College Fetieh,’ 


TILE 
naniely, Greek, He now tinds that there 
are things in colleges that are worse 
thau Greek, namely, the elective system, 
he 
thoroughly unscientitic and extremely 
The 
represented by 


which calls crude, ill-considered. 


address he 


the 


mischievous,” nay 


fairly concluding 
paragraph, which reads: 

"For him who eradnated half a cen- 
tury ago, the game is now either wou 
But. 
reviewing his record, he is apt to see 
the of 
the game, and wherein his play was 


io a degree or irretrievably lost. 


with great distinctiess nature 


aetective, Wherein correct. For imy- 
self. thus retrospecting. | aim con- 


strained to say that. as a training place 
ior the game in which bt was to take a 
hand, the college of the period—and 
first 
mental 


Harvard stood among them— 


viewed as a evils, was 


ill-adapted to existing conditions, un- 
syinpathetic. and, as respects orgamiza- 


In 
the matter of intellectual training, it 


tion, already distinctly outgrown, 


was a period of transition—the system 
of prescribed studies was yielding to a 
theory of electives. So far as it had 
then been developed and applied, the 
new system proved in my experience a 
My 
observation, as [T said in the beginning, 


delusion, a pitfall, and a snare, 


leads me to apprehend that conditions 
in these respects have not since changed 
for the better. 
vet. lumbers 


The old organization 
along; the implicit beet 
in the pursuit of aptitudes on lines of 
least in fullest 
Could |. on the contrary. have my way. 
[ would traditional 
academic 


resistance is vogue, 


now break our 


avstem) into fragments, as 
something which had long since done 
its work and is now quite outgrown; 
and I would somehow vet back to the 
close contact of mind upon mind, — 1 
would to a large extent do away with 
thi 


tion for the college period. 


arms-leneth leeture-room  eduea- 
I would 
develop an elective system based on 
scientifie prineiples. and the study of 


the individual: properly regulated, it 


shonld be intelligently apphed. | 
would preseribe one of the chassie 
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toneues, Greek or Latin, as a com- 


of 
tion, the one royal read to a knowledge 
of all that 
t would force every student to reason 


pelsory study to the day eradua- 


is finest In letters and art. 


closely all through his college days; 


while ne man not trained to observe, 


to 


should receive a degree, 


and equal tests in observation, 
Beyond this 


{ would let the student elect. 


THE OF DEATH. 


Tue Bureau of the Census has issned 


CAP SEN 


a special report on statisties of mortal- 
19000 to 
important juformation in regard to the 


ity from 1904. which gives 
prevalence of certain diseases, 
Tuberculosis of the lunes and pneu- 
mmonia were by far the leading causes 
of death. The average annual mortal- 
ity from tuberenlosis of the limes, or 
constunption was 172.6 per 100,000 of 
The 
inarked decline since ]S90, when it was 
245-4. 
ease in the registration area in the 
United States it 
Ireland, Germany, Norway, Spain and 


population, rate has shown a 


The mortality from this dis: 


is lower than is in 
Switzerland, but higher than in Eng- 
land and Wales, Seotland, the Nether- 
lands, Belgium and Italy. 

the 
principal causes of death, the average 


annual rate being 165.6 per 100.000 of 


Pneumonia was second among 


population. In the registration states 
the mortality. frem pneumonia was 


about 50 per cent. higher in the cities 
than in the rnral districts. 

Heart disease was third among the 
leading causes of death, the average 
annual rate in the registration arez 
for the five vears being 120.9 per 100.- 
000 of popitlation. 

Among the leading causes of death, 
diarrhoea and enteritis were fourth, the 
this 
disease for the five vears being 115.1 
per 100,000, Over SO per cent. of the 


deaths from these diseases were deaths 


averave annual mortality from 


of children under 5 years of age. and 


over 5 per cent. of children under 1 


year of age. The average annual death 


rate from these diseases was about 75 
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per cent. higher in the cities than im 
the rural districts. 

The average annual death rate from 
typhoid fever in the registration area 
Of 
the ten European countries for whieh 


was 33.8 per 100,000 of population. 
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similar statistics are available Ttaly | 


alone shows a higher. The mortality 


from typhoid fever was exeessively high 


in Pittsburg, Cleveland, Cincinnati, 


Columbus, Louisville and Washington. | 


The average annual rate was mueh_ be- 
low the average in New York 
Paul, Milwaukee, and Jersey City. 
SCIENTIFIC ITEMS 

Dr. A. GRanHamM BELL, the inventor 
of the telephone, has been given the 
doctorate of laws by the University of 
Edinburgh.—The United States am- 
hassador to Great Britain, Mr. White- 
law Reid, has presented the gold medal 
of the American Geographical Society 
to Captain R. N. 
the National Antaretic Expedition.— 


Seott. commander of 


City, St. 


MONTHLY 


awarded to M. Laveran and the Paris 
prize to Professor Ehrlich. 

THe International Congress of Ap- 
plied Chemistry at Rome resolved that 
the seventh congress shall be held in 
London, with Sir William Ramsay as 
the president and Sir Henry Roseoe as 
honorary president.—The sixteenth In- 
ternational Medical Congress will be 
held at Buda Pesth in 1909, under the 
presideney of Professor C. MiiNer. It 
is likely that the following congress 
will be held in New York City. 

THe Prince of Monaco has offered to 
vive his Museum of Oceanography and 
Laboratory for the Investigation of the 
Seas, now at Monaeo, to the city of 
Paris, with an endowment of $1,000,- 
000, The institution is to be under the 
charge of an international committee.— 
It is announeed that. Mr. David Rankin, 


_of St. Louis, has decided to give $2,000,- 


Dr. Joseph D. Bryant, of New York — 


City, has been elected president of the 
American Medical Association.—At the 
recent International Medical Congress 


at Lisbon, the Moseow prize was 


000 to found an industrial and manual 
training school in St. Louis.—Arrange- 
ments have been eompleted, under a 
plan outlined by Alfred Mosely, to send, 
between November and Mareh, five hun- 
dred British teachers to the United 
States and Canada to study the edu- 
enational systems of the two eountries. 
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THE INVESTIGATION OF “THE - SAN FRANCESCO 
fARTHOQUAKE 


By G. K. GILBERT 


U.S. GEOLOGICAL SURVEY ? 


ik is the natural and legitimate ambition of a properly constituted 

- geologist to see a glacier, witness an eruption and feel an earth- 
quake. The glacier is alwavs ready, awaiting his visit; the eruption 
has a course to run, and alacrity only is needed to catch its more im- 
portant phases; but the earthquake, unheralded and brief. may elude 
him through his entire lifetime. It had been my fortune to experience 
only a single weak tremor, and 1 had, moreover, heen tantalized by 
narrowly missing the great Inyo carthqnake of 1872 and the Alaska 
carthqnake of 1899, When, therefore, E was awakened in Berkeley on 
the eighteenth of April last by a tumult of motions and noises, It was 
with unalloved pleasure that | became aware that a vigorous carthanake 
was in progress. The creaking of the building, which has a heavy 
frame of redwood, and the rattling of various articles of furniture so 
ocenpied my attention that [ did not fully differentiate the noises 
The motions [ was able to analyze 


peculiar to the earthquake itself. 
nore snecessfully. perceiving that, while they had many directions, the 
dominant factor was a swaying in the north-south direction, which 
caused me to roll slightly as T lay with my head toward the east. 
Afterward [ found a suspended electric lamp swinging in the north- 
south direction, and observed that water had been splashed southward 
from a pitcher. These notes of direction were of little value, however. 
except as showing control by the strneture of the building, for in 
another part of the same building the east-west motion was dominant. 


1 Published by permission of the director of the United States Geological 
Survey and of the chairman of the California Farthquake Investigation Com- 
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Tn my immediate vicinity the destructive ctfeets were trivial, and 
T did not Jearn until two hours later that a great disaster had been 
wronght on the opposite side of the bay and that San Francisco was in 
flames. This information at once incited a tour of observation, and 
thus began, so far as ] was personally concerned, the investigation of 
the earthquake. A) similar beginning was doubtless made by every 
other geologist im the state, and the initial work of observation and 
record was individual and without concert. But organization soon 
followed, and by the end of the second day it is probable that twenty 
men were working i cooperation under the leadership of Professor 
J, C. Branner, of Stanford University, and Professor A, C. Lawson, 
of the State University at Berkcley. At that time and for several 
succeeding days the ordinary means of communication were so paralyzed 
or overburdened that no messages passed between these two centers of 
organization : but as the needs of the hour were patent to all, the work 
was not prejudiced by the lack of intercommunication. 

On the third day after the shock Governor Pardee appointed a 
State Earthquake Investigation Commission, naming as its chairman 
the head of the geological department of the State University, Pro- 
fessor Lawson, and including in its membership Professor Branner, of 
the Stanford University, Professors Davidson and Leuschner, of the 
State University, Professor Campbell. of the Lick Observatory, Mr. 
Brrckhalter, of the Chabot Observatory, Professor Reid, of Johns 
Hopkins University and Mr. Gilbert, of the United States Geological 
Survey. The commission held its first meeting three days Jater, when 
the scope of its work was considered and defined, provision was made 
for cirenlars sohciting information, an announcement was prepared for 
the purpose of relieving certain groundless fears entertained by a por- 
tion of the community, and two committees were appointed for the 
general work of observation. To the first committee, with Professor 
Lawson as chairman, was assigned the determination and study of 
surface changes associated with the earthquake and the collection of 
data as to intensity, so that tsoxcismals, or curves of equal intensity, 
might be drawn upon the map. To the second committee, with Pro- 
fessor Leuschner as chairman, was assigned the collection of data for 
the drawing of coscismals, or Jines connecting points on the earth's sur- 
face reached by the shock at the same imstant. Some weeks afterward, 
when the main features of the earthquake had become knewn, a third 
comniittee was appointed, with Professor Reid as chairman, to consider 
the relations of the earthquake phenomena to certain problems in 
veophysics, or the selence of the inner earth. 

The work of these three committees is still in progress, and will 
not be completed for several months. Phe actual drawing of isoseis- 
mals and coseismals can not be performed until a large body of obser- 
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vations have been compiled and studied, and the geophysical problems 
are as vet only imperfectly formulated: but of the physiographic 
phenomena. or the disturbances of the earth’s surface, so much is known 
that it has been thought advisable to prepare a preliminary report. 
This was submitted to the governor on the third of June, and has been 
issued as a pamphlet of twenty pages. The expenses of the commission 
are being met by the Carnegie Institution. 

Architects and engineers were not less prompt and energetic. To 
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Fic. 2. FavtLt TopoGRarPHY BETWEEN TOMALES AND BOLINAS Bays; looking northwest. 
The general slope toward the left has been interrupted by a slight uplift of the part at the left. 
The pond occupies a hollow thus produced. 


the men who plan and direct construction m the earthquake district 
of Califormia it was hnportant to know what materials and what struc- 
tural forms best withstood the shock, and they immediately began the 
study of earthquake injurics and of instances of immunity from earth- 
quake effects. In that part of San Francisco where the earthquake 
injury Wax most serious the shock was quickly followed by fire, which 
destroyed much of the evidence, but many important observations were 
made in the brief interval. The study of structural questions, Hike the 
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study of natural phenomena, was at first individnal only, but after- 
ward was aided by organization, Committees were appointed by 
various professional societies, national and Jocal, and were charged 
with the investigation of specific structural questions, and the results 
of their labors will find place not only in the transactions of the 
societies, but in revised building regulations and in important modifica- 
tions of municipal plants for lighting and water supply. Various 
bureaus of the national government lave also taken part in the strue- 
tural studies. sending experts to San Francisco and other localities of 
exceptional earthquake violence. 

The Japanese government promptly sent to California a committee 
of investigation headed by Dr. Omori, professor of seismology in the 
University of Tokyo, and composed otherwise of architects and engi- 
neers. The first conference of these visitors with the state commission 
warranted the suggestion that we may find it as profitable to follow 
Japanese initiative in the matter of carthquake-resisting construction 
atin that of army hyciene. 

The following sketch of the physical features of the earthquake 1s 
based chietly on the body of data gathered by the State Comission ; 

An earthquake is a jar occasioned by some violent rupture. Some- 
times the rupture results from an explosion, but more commonly from 
the sudden breaking of rock under strain. The strain may be caused 
hy the rising of lava in a voleano or by the forces that make mountain 
ranges and continents. The San Francisco earthquake of April 1s had 
its origin in a rupture associated with mountain-making forees. A 
rupture of this sort may be a mere pulling apart of the rocks so ax to 
make a crack, but examples of that simple type are comparatively rare. 
The great majority of instances include not only the making of a erack 
but the relative movement or sliding of the rock masses on the two 
~ides of the crack; that is to sav. instead of a mere fracture there is a 
ecologic fault. After a fault bas been made its walls slowly become 
eemented or welded together, but for a long time it remains a plane 
of weakness, so that subsequent strains are apt to be relieved by renewed 
~lipping on the same plane of rupture, and hundreds of earthquakes 
may thus originate in the same place, From the point of view of the 
geologist the displacements of rock masses are the primary and impor- 
tant phenomena: the faults are incidental phenoniena, of great valve as 
indices of the displacements: and the earthquakes are of the nature of 
svIuptoms, serving to direct attention to the fact that the great earth 
forces have not ceased to act. 

A faulting may occur far beneath the surface and be known only 
by the resulting carthguake: but some of the quake-causing ruptures 
extend to the surface and thus become visible. The New Madrid and 
Charleston earthquakes are examples of those having deep-seated 
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origins, the Invo and San Francisco of those whose causative faults 
reached the surface of the ground. 

The general character of California earthquakes was so well known 
that when the dispatches told of a severe shock at San Francisco no 
American geologist had a moment's doubt that if was caused by a fault 
movement, and among those specially conversant with the structure of 
the affected district attention was immediately directed to several fault 
lines, with the expectation that one or more of them would show the 
marks of fresh dislocation. Mr. Ransome prepared a prophetic article 
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Fie. 8 THis FENCE, PREVIOUSLY CONTINUOUS AND STRAIGHT, was broken and parted by 
the earthquake fault, the offset being 543 feet. The line of fault, concealed by the grass, crosses 
the ground from left to right, touching both the dissevered ends of the fence. 


in which he indicated the lines most likely to be concerned.* — Pro- 
fessor Branner stated in an interview that he had immediately made a 
forecast of the locality of the origin and that it had proved to be cor- 
rect. and Mr. Fairbanks went at once to a zone of * earthquake topog- 
raphy with which he was already acquainted, and found afresh 
rupture in the expected place. 

= Nat. Geog, Mag. Vol, 17, 1906. pp. 280-296, 
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The San Francisco earthquake was caused by a new slipping on the 
plane of an old fault which had been recognized for a long distance in 
California, and in one place had been named the San Andreas fault. 
Associated with this fault is a belt of peeuliar topography, differing 
from the ordinary topographie expression of the country in that many 
of its features are directly due to dislocation, mstead of being the 
product of erosion by rains and streams. One of its characteristics is 
the frequent oeeurrence of long lines of very straight cliffs. Another 
is the frequent oecurrence of ponds or lakes in straight rows. The 
tendency of erosion is to break up such cliffs into series of spurs and 
vallevs and to obliterate the lakes by cutting down their outlets or 
filling their basins with sediment. Tig. 2 shows one of the fault-made 
ponds. This line and zone have been recognized by California geol- 
ogists through a distance of several 
hundred miles. It was to this line 5 ”" 
that attention and expeetation were . 
especially directed, and it was on 
this line that the surface evidence | 


of new faulting was actually found. . - 
The new movement was not coex- = 
tensive with the line as previously Sn 


traced, but affected only the north- Z 
western portion: and, on the other | 
hand. it extended farther to the north- 
west and north than the old line 
had previously been recognized. The ee eo ei es 
accompanying map represents only  DisLocation CavsinG THE San FRAN- 
3 F . cisco EARTHQUAKE. The upper repre- 
ihes tine -alone- arhseh the. wecetl. “cinte-anceah locke tuntees square end 
change occurred. From a point q 25 feet thick, with indication of the posi- 
few! amilesdoutlpest or Mollistersit’ Wire eataee ares aia. 
e relation of its two parts after faulting. 

runs northwestward in a series of 
vallevs between low mountain ridges to the Mussel Rock. ten miles 
south of the Golden Gate. Thence northwestward and northward it 
follows the general coast line, alternately traversing land and water. 
The farthest point as vet definitely located is at Point Delgada, but the 
intensity of the shock at the towns of Petrolia and Ferndale probably 
indicates the close proximity of the fault and warrants the statement 
that its full length is not less than three hundred miles. South of 
Point Arena its course is direct, with only gentle flexure, but the data 
farther north seem to imply either branching or strong inflexion, 
Opposite San Francisco its position is several miles west of the coast 
line, and it nowhere touches a large town, 

That which ocenrred along this line was a differential movement 
and permanent displacement of the rock and earth on the two sides of a 
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vertical crack. The principal displacement was not vertical, but hori- 
zontal. If one thinks of the land to the east of the crack as stationary, 
then the change may be described as a northward movement of the land 
west of the erack. If the land to the west be thought of as stationary 
then the land to the eastward moved toward the sonth. Tt is probable 
that both tracts shared in the movement, the eastern shifting toward the 
south and the western toward the north. Perhaps the nature of the 
change ean be more readily understood by reference to Fig. 4. which 
represents an ideal block of the carth’s crust, 100 feet square on the 
surface and 25 feet deep, before and after its division and dislocation 
by the earthquake-cansing fault. 

Wherever a fence, road, row of trees, or other artificial feature 
following a straight Hine was intersected by the fault its separated parts 
were offset, and an opportunity thus afforded for measuring the 
amount of change. The measurements range in the main from 6 to 15 


Fic. 5. A FAULTED ROAD NEAR THE HEAD OF TOMALES Bay. The nearer and more dis- 
tant parts of the road were originally in one line—a continuous, straight road. The present  ff- 
set is twenty feet. 
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feet and have an average of about 10 feet. At one place (Fig. 5) a 
road was offset 20 feet, but in this case the underlying ground was wet 
alluvinm and part of its movement may have been due to a flowing of 
the soft material. There was also 
some vertical change, but this was 
not everywhere in the same direction 
and its amount was comparatively 
small, At many points the land 
west of the fault appears to have 
risen one or two feet as compared 
with the land at the east. 

The surface manifestation is not 
usually a simple jack, but a dis- 
turbed zone a few feet broad. the 
earth within the zone being split inte 
blocks which show more or less twist- 
ing or rotation. In some places 
the zone is slightly depressed below 
the adjoining surfaces, and else- 
where shghtly elevated. Other dis- 
turbances of the surface were asso- 
elated with the earthquake, but the 


track of the central fault has a Fic. & OntiNakY APPEAEANCE OF THE 
EARTHQUAKE RIFT WHERE IT TRAVERSES 


character of its own, a character with 
FrrM TURF. 


which the field) workers soon be- 

came familar, se that it conld he elearly identified. Tt came to be 
distinguished in their conversation and note-books as * the rift. For 
considerable distances the rift is single, Jut elsewhere it is more or 
less divided, the parts lying within a few reds of one another and heme 
approxmnately parallel, There are also branches parting from the main 
rift at various angles and gradually dving out in the adjacent country. 
and im some of these the belt of disturbance ts bread and complicated 
(Pig. 7). Phere are also outlying cracks occurring within a mile ar 
two of the central rift and having irregular courses, and these may 
probably be referred to the same general system of rock strains. 

Other cracks are distinetly secondary in character: that is to say, 
they are not due directly to the stresses and strains by which the fault 
was made, but are results of the earthquake itself. The jar constituting 
the earthquake. or in technical language the earthquake wave, as it 
travels through rock and earth produces temporary compressions and 
other strains, and these often occasion cracks at the surface. Where 
the material is clastic such secondary cracks merely open and close, 
leaving the ground with its original form: but where it is inelastic and 
incoherent, as in the case of young alluvial formations and artificial 


106 POPUEAR SCIENCE MONTHLY 


fillings, some of the cracks opened by passing waves do not close again, 
but remain as permanent vestiges of the shoek. Closely associated 
with these secondary cracks in soft ground are permanent changes in 
surface form, At the head of Tomales Bay, for example, a broad 
tract of soft ground between high and low tide was thrown into low 
ridges, with eracks along their erests, and these remained until de- 
stroved by wind waves. In San Franeiseo considerable traets of 
‘filled * land were shaken together and thus made to settle a few feet, 
and were at the same time slidden several feet toward the bay (Fig. 9). 

Certain changes, very conspicuous to the observer who drove about 
the country, are closely assoeiated with roads. A side-hill road is 


ric, 7. A ZONE OF EARTHQUAKE FRACTURE WHERE IT CROSSES A ROAD NEAR BOLINAS. 


usually constructed by excavating a notch in the natural slope and piling 
ihe excavated material in an embankment at the onter edge of the 
notch. Ji course of tine, and espeeially during rainy seasons, the 
embankment at the outer edge of such a road settles and has to be built 
upasa matter of repair. Portions of the bluff on the up-hill side of the 
notch are also apt to fall away, taking the form of small landslides, 
which have to be removed from the read as a rule after every ramy 
season. "The earthquake preeipitated many changes of this sort. Along 
all side-hill reads in the immniediate vicinity of the rift a crack was de- 
veloped between the embankment and the original soil against which 
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it rested, and this erack often assumed formidable dimensions (Fig. 
10): in fact its magnitude was found to be a convenient index of the 
local violence of the earthquake in regions where buildings are rare. 
Landslips from the bluffs margining the roads (Fig. 11) were also 
very numerous, 1 many instances stopping trate until repairs could 
he made. And there were many landslides on a larger seale, the earth- 
quake initiating movements which might otherwise have been delayed 
for vears or even centuries. Some of these landslides fell mto streams. 
danuned their waters and created temporary lakes. 


Fic. & CRACKS CAUSED BY THE SHAKING OF MARSHY GROUND. The comparatively firm 
road embankment preserved the cracks better than the bog. 


Other disturbances of water supply were more directly connected 
with the earthquake. At several potnts large volumes of water were 
squeezed from the ground during the agitation, causing briet but 
violent torrents, and one of these brought with it so much sand as to 
constitute a sort of sand eruption. There are reports also that certain 
springs have received a permanent inerease im yoluine, a result which 
would naturally follow from the modification of underground circula- 
tion by the cracking of rock and earth. 
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Wherever the shock was speetally strong there was considerable 
injury to trees: some were overturned, others broken near the ground, 
and yet others broken near their tops. .\ number of large redwood 
trees standing on the line of the rift were spht from the ground up- 
ward, the basal portions bemg faulted along with the gronnd they 
stood on, 

In the systematic survey of the earthquake area the relative inten- 
sity is beimg estimated by means of the records of various physical 


Fic. &. STREET SCENE IN SAN FRANCESCO, Showing effect of the earthquake on filled ground, 
The distant p rt of the street probably retains its original level and position. Nearer by the 
ground has settled several teet and has also moved to the left. 


effects. In the immediate vicinity of the fault road-cracks and, cracks 
in alluvium are large and numerous; many trees were broken or over- 
turned: there were many landslides: half of the wooden buildings of 
any Village or hamlet were shifted horizontally, often with serious m- 
jury: buildings and chimneys of brick or stone were thrown down ; 
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during the shock men, cows, and horses found it impossible to stand, 
and fell to the ground; and some persons were even thrown from their 
beds. In a general way all these evidences of violence diminish gradu- 
ally with distance from the fault on either side. The rate of diminu- 
tion, with exceptions to be mentioned presently, may be expressed by 
saving that at five miles from the fault only a few men and animals 
were shaken from their feet, only a few wooden houses were moved 
from their foundations, about half the brick chimneys remained sound 
and in condition for use, sound trees were not broken, and no cracks 
were opened which did not immediately close. At a distance of twenty 
miles only an occasional chimney was overturned, the walls of some 
brick buildings were cracked, and wooden buildings escaped without 
injury: the ground was not cracked, landslides were rare, and not all 
sleepers were wakened. At seventy-five miles the shock was observed 
by nearly all persons awake at the tune, but there were no destructive 
effects: and at two hundred miles it was perceived by only a few 
persons. 


Fic. 10. Roap CRACK CAUSED BY THE EARTHQUAKE. 
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Fig. 11. SMALL LANDSLIDE ON THE UPHILL SIDE OF A SIDE-HILL ROAD. 


A auunber of exceptions to this gradation of intensity are connected 
with tracts of deep alluvial soil, especially if saturated with water, 
and with tracts of “made ground.’ The great destruction in the low- 
lying part of San Francisco, eight miles from the fault, is directly con- 
nected with the fact that much of the ground there is artificial, the area 
having been reclaimed from the bay by filling in with sand and other 
materials. The severity of the disaster at San José, twelve miles from 
the fault, has been ascribed to the deep alluvial soil on which the town 
stands, and many other local peculiarities seem to admit of the same 
explanation. Tt is necessary also to distinguish carefully between earth- 
quake intensity and destruetive effect, because injury to property was 
conditioned by mode and material of construction no less than by in- 
tensity of vibration. But after making due allowance for differences 
in natural foundation and for diferences in the resisting power of 
buildings, there remain various anomalies for which satisfactory expla- 
nation has not as yet been found. The natural foundation of Oakland 
is similar to that of San José, and its distance from the earthquake 
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Fig. 12. WaTER TANK THROWN FROM ITS PEDESTAL BY THE EARTHQUAKE. 


FIG. 13. SCHOOL-HOUSE AT POINT REYES STATION, NEARINVE RNESS; Shifted horizontally two 
and one-half feet by the earthquake. The corner here shown was slipped from the foundation 
and rests directly on the ground. 
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origin is about the same, but the injury to its buildings was decidedly 
less: and Santa Rosa, standing on ground apparently firmer than that 
at Oakland or San José and having a somewhat greater distance from 
the fault. was nevertheless shaken with extreme violence. 

It is too carly to discuss these anomalies. With the data now in 
hand it seems to be true that there are outlying tracts of high intensity 
surrounded by areas of relatively low intensity; and these features, if 
they shall be fully established, will doubtless affect in some important 
way the general theory of the earthquake. 

One of the chief uses of time observations in connection with most 
earthquakes has been to determine the position of the origin. As the 
elastig wave travels outward in all directions from the initial point it 
reaches successively points on the earth’s surface which are more and 
more remote.  Coseismal lines, or lines of simultaneous arrival, are, 
therefore, closed curves circling abont the region of the imitial fracture. 
In the case of the San Francisco earthquake this particular function 
of the coseismals is not reqmired, because the fracture is visible at the 
surface: but they are not therefore without value. It is not to be sup- 
posed that the yielding of the earth occurred at the same instant 
throughout the entire extent of the fanlt plane. We should asstune, 
rather, that the fracture. beginning at some point, was extended thence 
to the remainder of the tract, a certain amount of time being consumed 
in its propagation. When the time data have heen collected and 
studied. it may be possible to determine at what point the fracture 
began and at what rate it was extended. It is hoped also that when 
the time records and intensity records shall have been systematically 
discussed there may result some conclusion as to the depth to which 
the fault extended and also as to its subterranean form. 

Mention has already heen made of the question whether the perma- 
nent dislocation or change of absolute position invelved in the faulting 
was divided between the tracts of land on the two sides or was con- 
fined to one or the other of them. At first sight it would appear that 
the only thing susceptible of actual determination is the relative dts- 
placement, and that the absolute displacement, or the real movement 
with reference to the earth as a whole, must remain a matter of theory 
only. Nevertheless, it happens that in this particular instance the 
real changes in geographic position are not only susceptible of deter- 
mination, but are actually to be investigated. To illustrate the prob- 
lem. Jet VY" represent, in ground plan, a portion of the fault line, and 
let ABB’C be the original position of a straight line interseeted by the 
fault. Assmining for the moment that the dislocation was equal on 
the two sides of the fault. then the line -12 was carried to the position 
DE. and the line BC to the position FG. We may think of the dis- 
tances BH and BF as cach equal to five fect. The dislocation of five 
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feet pertains to every point near the fault line, but it is not supposable 
that the same dislocation affects points at a great distance from the 
fault. At some remote point, for example 7, in the direction B’C, 
there was no displacement. If B’C and FG were both produced in that 
direction they would be found not precisely parallel, but would eventu- 
ally coalesce. How far the undisturbed region Z may be from the 
fault Iie is a matter of pure conjecture. but we may plausibly assume 
that the transverse dimension of the 
area affected by the displacement 
is of the same order of magnitude as 
the length of the fault line and is 
measured by hundreds of miles. If 
this assumption is correct, then 
throughout a great region in central 
and northern California all points 
have experienced a change in geo- 
graphic position, the change in the 
viemity of the fault bemg of about 
five feet and the amount diminish- Fic. MW. DIAGRAMMATIC PLAN OF A 
: : PORTION OF THE EARTHQUAKE FAU_t, illus- 
ing toward the northeast and sonth- trating changes in geographic position. 
west. If the only determinations 


of latitude and longitude within this area were of the ordinary approxi- 


Zz 


mate character, it would be impossible to measure the changes in geo- 
graphie position theoretically accomplished by the fault: but it fortu- 
nately happens that the region is traversed by two helts of the tri- 
anenlation of the United States Coast and Geodetie Survey, one being 
a system of triangles for the control of the coastal map work, and the 
other the elaborately measured transcontinental belt. The region thus 
contains several scores of points whose coordinates have been deter- 
mined with a high degree of precision, and it is possible by the rede- 
termination of these positions to measure the dislocations which have 
taken place in connection with the earthquake. As all topographie and 
hydrographie maps of California are dependent for their latitudes and 
longitudes upon the positions given by this triangulation, and as there 
Is reason to beleve that many of these positions have been disturbed 
by a measurable amount, the superintendent of the Coast Survey has 
determined to repeat so much of the work of triangulation as may be 
necessary In order to redetermine the geographic positions. And it is 
proposed to carry this work far enough eastward to connect the rede- 
termined points with stations that may safely be regarded as quite 
beyond the effeet of the recent fault. When this has heen accomplished 
much hight will be thrown on the nature and distribution of the strains 
which were relieved by the dislocation along the fault line, and it will 
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he possible to say definitely whether the original displacement involved 
the territory on both sides of the fault or on one side only. 

A further check is to be afforded through the observations for as- 
tronomic latitude at Ukiah. The observatory at Ukiah is between 
25 and 350 miles in a direct ine northeast of the fault. In connection 
with the ceneral dislocation it was prestunably moved toward the south- 
east and its latitude diminished by several hundredths of a second. 
This is one of an mternational series of observatories established in 
approximately the same latitude but in different longitudes. for the 
purpose of determining variations mn the position of the earth’s axis 
of rotation. If the observations at Ukiah were studied. alone it might 
not be possible to separate the result of a small change in the observa- 
torv’s position from the effects of the migration of the axis; but by 
combining the Ukiah data with those furnished by the other observa- 
tories of the system, it is probable that the effects of the two causes can 
be discriminated, 

The most important practical results of the various earthquake 
studies will probably be afforded by the engineers and architects, and 
will Jead to the construction of safer buildings in all parts of the 
country specially Hable to earthquakes: but the geologic studies of the 
State Commission are not devoid of economic bearings. In the city of 
San Francisco and adjacent parts of the peninsula on which it stands 
the underlying formations include several distmet types, and the dis- 
trict is so generally oecupied by buildings that the relations of the 
several formations to earthquake injury can readily be studied. Such 
a study is heing made with care and thoroughness, and one of its results 
will be a map of the city showing the relation of the isoseismals, or 
lines marking grades of intensity, to tracts of solid rock, to tracts of 
dune sand in its natural position, to upland hollows partially filled by 
erading, and to old swamps, lagoons and tidal marshes that have been 
converted into dry land by extensive artificial deposits. The informa- 
tion contained in such a map should enide the reconstruction and 
future expansion of the city, not by determining the avoidance of 
unfayorable sites, but by showing in what areas exceptional precan- 
tions are needed, and what areas demand only ordinary precautions, 

Another economic subject to which the commission may be expected 
to give attention is what night be called the earthquake outlook. Must 
the citizens of San Francisco and the bay district face the danger of 
expericneing within a few generations a shock equal to or even greater 
than the one to which they have just been subjected? Or have they 
eared by their recent calamity a long immunity from violent. dis- 
turbance? Ef these questions could be answered in an anthoritative 
way, or if a forecast conld be made with a fair deerce of probability, 
mnuch good mnight result: and even if nothing more shall be possible 
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than a cautious discussion of the data, P believe such a discussion should 
be undertaken and published. Of snap judgments there has heen no 
lack, and the California press has catered to a natural desire of the 
commercial public for an optimistic views but no opinion has vet heen 
fortified by an adequate statement of the pertinent facts. Among these 
facts are the distribution of carthquake shocks as to locality, time and 
severity in California, and also in the well-studied earthquake district 
of Japan: the relation of the slipping that has just occurred to the 
geologic structure of the coast region: the relation of other fault Times 
to the bay district: and the relation of the recent shock to a destructive 
shock that occurred in 1868. Ef a broad and candid review of the 
facts shall give warrant for a foreeast of practical immunity, the deep- 
rooted anxiety of the community will find therein a measure of relief. 
Ifa forecast of immunity shall not be warranted, the public should 
have the benefit of that information, to the end that it shall fully heed 
the counsel of those who maintain that the new city should be carth- 
quake-proof. In any case, timidity will cause some to remove from 
the shaken district and will deter others who were contemplating imni- 
eration: but such considerations have only temporary influence and 
can not check in an important way the growth of the city. The destiny 
of San Francisco depends on the capacity and security of its harbor, 
on the wealth of the country behind it, and on its geographic relation 
to the commerce of the Pacifie. Whatever the earthquake danger may 
he. it is a thing to be dealt with on the ground by skillful engineering, 
not avoided by flight: and the proper basis for all protective measures 
is the fullest possible information as to the extent and character of 
the danger. 
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SEISMOGRAPH AND MAGNETOGRAPH RECORDS OF THE 
SAN FRANCISCO EARTHQUAKE, APRIL 18, 19061 


By Dr. L, A. BAUER 


DIVISION OF TERRESTRIAL MAGNETISM, U. 8S. COAST AND GEODETIC SURVEY. 


HE San Francisco earthquake was one of several large earth- 

quakes recorded the world over since the beginning of this year. 

The writer's prime interest In it as a magnetician is in the reeord it 

left behind on the magnetographs at various magnetie observatories of 
the United States Coast and Geodetie Survey. 

It has happened several times within the last few years that earth- 
quakes have occurred in this country which were not recorded for one 
reason or another, on the existing seismographs, but were mdieated by 
the record of certain magnetographs. The most notable instance was 
the New England earthquake of March 21, 1904, at about eight minutes 
after one oelock in the morning, eastern time. Seismographs of the 
Milne type at Poronto, Canada, and Baltimore, Marvland, and of the 
Bosch-Omori type at the Weather Bureau, Washington, D. C., failed to 
give any record of this earthquake, which was appreciably felt through- 
out the New England States. The magnetograph at the observatory, 
Cheltenham, Maryland, sixteen miles southeast of Washington, gave a 
distinct record at 1” 058 to 1" 17™ eastern time. So there have been 
a number of earthquakes recorded hy the magnetograph at Baldwin, 
Kansas, which were felt in the middle states and reported in the papers. 
In fact. at this observatory, situated in a region where felt and unfelt 
local and regional earthquakes are comparatively frequent—note for 
example the many recent oceurrences—more records of earthquakes are 
obtained on the magnetograph than at any of the other magnetic ob- 
servatories, 

This repeatedly authenticated fact made desirable a concurrent 
study of seismograph and magnetograph records and hence seismo- 
graphs have been imstalled within the last two vears at all of the 
magnetic observatories excepting at Baldwin, Wansas, which was 
omitted because of its probable early removal on account of the pos- 
sibility of disturbing influences from cleetric-car lines. So it happens 
that the Coast and Geodetic Survey is able at present to contribute the 
principal portion of the accurate observational data of earthquakes 
obtained in this country. It was with the expectation that magnetic 
observatorics would also be excellent stations for the installation of 
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seismological instruments thet the writer, while attending the Seventh 
International Geograpiic Congress at Berlin, 1899, as a delegate from 
the National Geographic Seciety, was made a member of the Pro- 
visional Committee of the International Seismological Association, just 
orgamized by the congress. 

The instrumental seismological data referring to the reeent San 
Francisco earthquake will he contributed from the following stations 
in Canada and the United States: 


apie 1. > Ik? Fr STATIONS AND INSTITI TIONS: IN “CAMADS AND 
THE UNITED STATES CONTRIBUTING SEISMOLOGICAL DATA. 


station, Institution. | Seismograph, | Magnetograph. 
Toronto. Meteorological Service. Milne. Adie. 
Victoria. ve ne De a nee ee 
Albany. | State Geological Survey. 3osch-Omiori.| vee 
aise ah roe Lier . 
Baltimore. Johns Hopkins University. Mies eee 
Washington. U.S. Weather Bureau. Bese Ouiorts! .  _seaeadees 
i . 
: ae Adie and 
Cheltenham. U.S. Coast and Geodetic Survey. wt coo LE 
| ( Eschenhagen. 
Vieques, “6 ae ‘ os a sa Eschenhagen. 
Baldwin vc oc ce oo oe 1 ce 
Sitka. a a ot Bosch-Omori.! Eschenhagen. 
Honolulu. ne Sie : oS Milne. | 
Berkeley. University of CaHfornia. DOL Ue ere ee 
Mt. Hamilton. Lick Observatory, U. of C. Se = a Biahieds 
Manila, Philippine Weather Bureau. Vicentini. Mascart. 


The exceedingly sparse distribution of seismological stations in this 
country is made apparent by this list, there being none in the middle 
portion of the United States, where, as already stated, regional earth- 
quakes are comparatively frequent. It is therefore fortunate in the 
study of the San Francisco earthquake that we may have recourse also 
to the data afforded by magnetographs, especially by those at Baldwin, 
Kansas, and Sitka, Alaska—the nearest magnetic observatories to the 
origin of the quake and situated. as will be seen from Table 3, at 
about the same distance from San Francisco. So also is it a fortunate 
circumstance that we have both magnetegraph and seismograph data 


from the two magnetic observatories, Honolulue and Cheltenham, 
which are also practically equidistant from the origin, 

Now a peculiar circumstance is that this earthquake, while giving 
a record on the seismograph at the Porto Rico Magnetic Observatory 
so large as not to be fully recorded, left no trace behind on a magneto- 
graph of the very same pattern as at the other observatories. On the 


'A Bosch-Omori seisinograph procured for this observatory was temporarily 
installed at Baltimore by Protessor H. F. Reid for a comparative study with 
lus Milne seismograph. 
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other hand, the equally large earthquake of January 31, Jast, the 
origin of which was at sea off the west coast of Ecuador, besides record- 
ing itself on seismographs the world over was recorded on the mag- 
netographs at Baldwin, Porto Rico and Cheltenham, Dut this time not 
at Honolulu. This seaquake was accompanied by a tidal wave twenty 
feet high which rushed in on the coast of Ecuador, causing great de- 
vastation: it set the Pacifie Ocean in vibration, which according to the 
tide-gauge records of the Coast and Geodetic Survey at San Diego and 
Honolulu lasted for three days. The tidal wave, when it rushed in on 
the Hawatian coasts, was several feet Ingh, and the record of this quake 
of January 351, as recorded on the Milne seismograph at the Honolulu 
Magnetic Observatory, was among the largest since the installation of 
the mstrament, September, 1903, and yet the delicately suspended 
magnets, as far as the magnetic records at this observatory would 
indicate, were not affected. 

Why is it that an earthquake will at times be recorded by magnetic 
instruments and at other times Jeave no record? Or, to go back to 
the fundamental question, what do the magnetie instruments record— 
an actual mechanical effect due to the mechanical vibration of the point 
of support? If the observed effect ix a purely mechanical one, then 
why is it that net every mechanical disturbance is recorded on the 
photographic records of the fluctuations of the magnetic needles ? 
What is the characteristic of the mechanical vibration, the presence or 
absence of which in the earth movements is responsible for the presence 
or absence of the effect recorded Jy magnetic necdles ? 

The solution of these questions may show the magnetograph to be 
a most useful adjunct to the present instrumental equipment for re- 
cording carth movements. 

Ix the possibility of any actual magnetic effect accompanying an 
earthquake entirely to be excluded? Tf so, in the case of the distant 
earthquakes, as seems probable. is the possibility also to be exeluded 
for the less distant ones, or say for stations within a certain preseribed 
region about the origin of the quake? Are those cases where records 
are secured on magbetographs and not on seismographs to be attributed 
possibly to such a magnetic effeet which has no inffmence on mstruments 
responding merely to mechanical vibration 2 Or is it possible that the 
magnetograph is mi certain cases a better micro-seismograph than the 
Milne or Bosch-Oinori instruments used in this country ? 

We have thus some extremely interesting questions presented to us 
which, however they may he solved, will be a valuable contribution to 
our knowledge of earth movements. The possibility might also be 
mentioned that an approaching carthqnake might through electric or 
magnetic cffects give the first mdication on magnetographs because of 
the much greater velocity of propagation of such effects than that 
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of the mechanical vibrations. We know that a magnet subjected to 
strain undergoes changes in its magnetization and so the question 
arises whether the earth’s magnetized rocks may not likewise give some 
indication of their state of strain during an earthquake by slight 
magnetic fluctuations. Or, an earthquake may be accompanied by a 
redistribution of the magnetic rocks or of the electric earth-currents 
known to exist, and thus give rise to a possible magnetic etfect. 

Enough has been said to show that a careful and exhaustive in- 
vestigation of seismic effects recorded on magnetographs is certainly 
one that merits undertaking. The Department of Terrestrial Magnet- 
ism of the Carnegie Institution of Washington, in connection with the 
study of the magnetic effect recorded simultaneously over the entire 
globe coincident with the outbreak of Mt. Pelé. on May 8. 1902 is 
making a svstematic study of the volcanic and seismic effects recorded 
by magnetic instruments with the cooperation of the Coast and Gvo- 
detie Survey and of the Canadian Meteorological Service. A paper by 
Mr. J. E. Burbank, published in Vol. X.. p. 113, of the journal, 
Terrestrial Magnetism, brought the investigation up to the time of the 
installation of the seismographs at the Coast and Geodetic Survey 
Observatories two to three years ago; a second paper. to be published m 
the course of the vear, will continue the research as based upon seismic 
and magnetic instruments in operation at the same observatory, 

Tt had been noticed for some time that magnetic instruments re- 
sponded to certain earthquakes, but the cases noted were of such a 
class as to conyey the first impression at once that the effects recorded 
were mechanieal ones. Milne in 1898S made quite an exhaustive in- 
vestigation of this class of effeets for the whole earth and covering the 
period from 1889 to 1897. He hkewise found that these effects were 
not invariably recorded at every magnetic observatory. He considered 
the results inconclusive and deemed it necessary to await the time when 
both seismograph and magnetograph records could be had at the same 
place. A recent notable contribution to the subject based on magnetic 
records at one observatory, without, however, at the same time cor- 
responding seismological data, has been made by Dr. Messerschmitt, im 
charge of the Munich Magnetic Observatory. 

Previous magneticians, such as Eschenhagen, Wild and Liznar, had 
found that from a comparison of the effects recorded on magnetographs 
at various European observatories the effects. in certain notable earth- 
quakes, progressed from station to station with the velocity of about 
three kilometers 7. e. the rate of propagation of the long or surtace 
seismic waves. This measurable difference in time between any two 
stations and its correspondence with the tine interval required for the 
transmission of the surface waves was a very good indication that a 
purely mechanical effect had been recorded and not a distant magnetic 
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effeet. as the latter would have been observed simultaneously at all 
stations. Or, if it was a magnetic effect, then in each ease it was 
due to one of the possible local causes enumerated brought into action 
npon the arrival of the mechanical disturbance at the particular station. 
In our study, however, it has been possible to differentiate much 
more closely and at times to separate the effects on the magnetic reeords 
into the various phases—preliminary tremors and principal portions, 
ete.—in a manner analogous to usual treatment of the seismograph 
records. A notable imstanee was the destructive Guatemalan earth- 
qnake of April 19, 1902, which, as may he recalled. preceded the 
Antillean volcamie eruptions of that period, At that time there were no 
seismographs at the Coast and Geodetic Survey Magnetie Observa- 
tories: however, an inspection of the table below will show that with 
the records obtained on the magnetographs at Cheltenham, Baldwin, 
Sitka and Honolulu (the Porto Rico Observatory did not then exist), it 
is possible to study the seismic effects on them—even down to the 
preliminary tremors—equally as well as on the seismic records obtained 
at Baltimore, Toronto and Victoria. The earliest notice of this earth- 
quake was received at Baldwin, the nearest station to the origin— 
Guatemala. Ilere then we have a notable ease where the magnets 
were affected by even the preliminary seismic tremors, this being a 
different case from the European ones cited above, as these tremors 
travel with a velocity of about nine kilometers or more per second. 
There have been many other similar instanees and it has even 
occurred at times that the magnetic instruments have given a slightly 


TABLE 2. SEISMOGRAPH AND MAGNETOGRAPH RECORDS OF 
THE GUATEMALA EARTHQUAKE, APRIL 18, 1902, 
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earlier record than the seismograph. The effect is such a character- 
istic one that when it has once been recognized it will not be mistaken 
for any ordinary magnetic effect. Four types can be distinguished : 
First, those in which the disturbance begins abruptly and quickly 
reaches a maxinnin, dying down gradually (usually the case in a 
near-by earthquake) ; second, those in which a small preliminary effect 
precedes the principal portion, and in which there are often two or 
more maxima: third—by far the most common—those consisting of 
a small diamond-shaped disturbance: and fourth, those in which the 
trace is simply blurred and broadened. 

With these introduetory statements as to the possible relation he- 
tween seismology and terrestrial magnetism, let us now pass to the 
consideration of the reeent San Francisco carthquake. 

Table 8 contains the results of the records obtained up to date 
(May 17) at the office of the Coast and Geodetic Survey, both from 
magnetographs and from seismographs. It will be scen that the region 
embraced extends from Honoluln on the west to [hungary on the east. or 
about one third the way around the globe. All necessary data, such as 
latitude, longitude, distances from San Francisco along the surface, 
as well as along chord, chord depth, ete., ete., are found in the table. 

Next are given the Greenwich mean times (0 to 24 honrs, midnight 
to midnight) of the oceurrence of the various phases of the seismic dis- 
turbance as recorded on the seismographs. For the preliminary 
tremors, phase I (longitudinal waves). next phase II (transverse 
waves), then principal portion (surface waves), ete, ete. Tt is par- 
ticularly interesting to compare the times for Cheltenham, Washington 
and Baltimore and to note how closely they agree. Owing to the slight 
difference in distance of these three different stations from San Fran- 
cisco the times should not of course be strietly the same, though the 
difference should not be more than a few seconds. Considering the 
totally different types of instrument (Milne at Baltimore and Bosch- 
Omori at Washington and Cheltenham), certainly the comparison is 
very satisfactory. 

ft will be seen that the preliminary tremors were recorded by the 
scismographs at Honolulu and Cheltenham at about the same time, 
these two stations being at about the same distance from San Fran- 
cisco. The reader will follow without assistance the progression of the 
various waves from station to station as given in the table. [Since this 
table was prepared many more records have been obtained which are 
of interest, notably the seismograph and the magnetograph records 
from the Toronto Magnetic Observatory. | 

In Fig. 1 we have a reproduction of the seismograph record ob- 
tained at the Cheltenham Magnetic Observatory. The recording eylin- 
der of the Bosch-Omori seismograph, around which is wrapped the 
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smoked sheet of paper on which the record is made. makes one com- 
plete revolution in an hour, each sheet whether of the N.-S. or of the 
K.-W. component containing a whole day's record (24 lines). The 
distance between two of the dots represents one minute. In order to 
get a conventent size for the figure. it Was necessary to omit about 
one third of the total length of the sheet, so that the distance from 
S. to S. or E. to E. represents about two thirds of an hour. On the 
original, the pointer or the recording stylus multiplies the motion ten 
thnes. hence in the reproduction the magnitication is about three times. 
The maximum amplitude of motion was not recorded, the pointer stri- 
king the damping brushes. In deducing the actual displacement of an 
earth-particle at Cheltenham, it is necessary to take into account the 
period of the pendulum whieh for the N.-S. component was about 25 
seconds and for the K.-W, component about 20 seconds and the period 
of the recorded earth-movement about 2 to 4 seconds for the preliminary 
tremors and about 10 te 20 seeonds for the principal portion, A rough 
ealculation would give the total recorded horizontal displacement of 
the carth-particle, back and forth, of about 1 5 of an inch. which on 
account of the comparatively long period would not be felt by the 
human being. These explanations will doubtless be sufficient for the 
elucidation of the figure: for a description of the instrument the reader 
is referred to Dutton: * Earthquakes.’ 

Passing next to the times recorded hy the magnetograph (/) stands 
for declination, // for horizontal intensity and Z for vertical intensity). 
it ais seen that the effect in this instance did not begin at the four 
observatories where a record was ohtained—lfonolulu, Sitka, Baldwin 
and Cheltenham—nuntil the arrival of the principal portion (long or 
surface waves) recorded on the seismoyvraphs. and that for this phase 
the agreement between seismograph and magnetograph is most satis- 
factory. It will al-o be noted that the tine at Baldwin is inter- 
mediate between San Francisco and Cheltenham. so that the record of 
this observatory is a most desirable acquisition, Note also that the 
time Is nearly the same as at Sitka, Baldwin being just a trifle farther 
from San Francisco than Sitka. 

Next are found mn the table the velocities of the various transverse 
waves—longitudinal, transverse and surface—computed along the 
paths mdicated m the column on the extreme right. For the region 
embraced it will be seen that the longitudinal waves, which were the 
first to arrive, traveled at an average velocity of six miles per second, 


the transverse waves at an average velocity of 51. miles. whereas 


the surface waves had a velocity of about 217 3 miles per second 
according to seismovraph and magnetograph. It takes about 3 hours 
and 20 minutes for these waves to pass aronnd the earth completely. 


whereas the prelmminary tremors. phase 1} (longitudinal waves) reach 
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a point on the opposite side of the earth from the origin in about 
20 minutes; the latter are supposed to pass directly throngh the earth. 
In computing the velocities I have taken provisionally as the average 
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Fig, 2. RECORD OF THE SAN FRANCISCO EARTHQUAKE ON THE ESCHENHAGEN MAGNETO- 
GRAVH at the Magnetic Observatory, Cheltenham, Maryland, reduced 2 times. [The hours as 
marked are approximately local mean time. The earthquake effect will be noti ed on the 
three magnetic elements, horizontal intensity, declination and vertical intensity in the shape 
of a trumpet formation between 8 and 9 a. m., local mean time. The range or double ampli- 
tude of the disturbance was about 11000 part of the horizontal intensity and about 13000 part ot 
tne vertical intensity. On account of the intersecting of the curves, the range in the magnetic 
declination cannot be given. ] 


tame of the shocks on the Pacifie Coast which gave rise to the effects 
recorded at distant places as occurring at 5" 12™ Pacifie time or 
13" 12") April 18, Greenwich time. There may have heen earlier 
preliminary shocks.” 


* Professor George Davidson, of the University of California, determined 
the time ot first shock at his home in San Francisco by counting the number 
of seconds it took him upon awakening and going to his watch and noting the 
time. Owing to his large experience in the work of the U.S. Coast and Geodetic 
Survey, the time whieh he gives he deems to be correct within two seconds, 
viz, 5: 12: 00 Pacitie time. 

Professor A. O. Leuschner, of the University of California, according to his 
article in the Berkeley Reporter, of Berkeley, Cal. April 20, 1906, says: °° The 
best record of the beginning of the beaviest shocks is furnished by the standard 
clock of the Student Observatory, which stopped at 5° 12™ 38% Pacitie standard 
time, while less severe shocks were recorded by Mar. S. Albrecht some 35 seeonds 
earher, The principal part of the earthquake came in two sections, the first 
series of vibrations lasting about 40 seconds. The vibration diminished con- 
siderably during the following 10 seconds and then continued with renewed 
vigor for about 25 seconds more. But even at this writing, about noon, the 
disturbance has not as yet subsided, as slight shocks are being recorded at 
frequent intervals on the Ewing seismograph, which has been restored to working 
order. [Tis seismograph was thrown out of action at the beginning of the 
earthquake; Lowever, a fairly complete record was obtained with the duplex 
instrument.] The principal direction of motion was from south-southeast to 


126 POPCLAR SCIENCE WON LATA 


The amplification of this table to embrace the entire earth will be 
left to Professor Harry FL Reid, a member of the San Francisco 
Earthquake Cominission. 

Why is it that in this severe earthquake the magnets responded 
only to the long or surface waves and not to the preliminary tremors, 
and why did the magnets at Porto Rico give no record at all? These 
are the questions which I believe to be of concern not alone to the 
magnetician, but also to the seismologist and to the student of geo- 
physics in general. Of the many earthquake records already obtained, 
there are a large number where the disturbance on the seismograph was 
considerably smatler than the San Francisco one and vet the magneto- 
graph responded to even the preliminary effects. Evidently we must 
he getting a record of something on the magnetograph, not inumediately 
evident from the present seismograph records, which causes this 
pecuhar differentiation of seismic disturbances into the following 
classes: (@) recorded by seismograph and not by the most delicate 
maenctograph, (1) recorded by magnetograph and not recorded by 
relsemograph, (¢) recorded by seismographs and magnetographs 
partially (surface waves), () recorded completely by seismographs 
and magnetographs, 

My present behef is that the effects recorded by suspended magnets 
are chiefly mechameal ones due to the vibrating motion of the points 
of support. thongh the possibility of a magnetic effect within a certain 
prescribed region of the origin of the earthquake, brought about as 
above explained, is not to be exeluded. Tt is a notable fact that at 
the Baldwin Magnetic Observatory, where, as stated, so many seismic 
effects are being detected which are to be associated with the com- 
paratively Jocal earthquakes in the Middle States and which fail to 
make any record on seixmographs as far distant as Washington, the 
effects corresponding in time to lightning discharges have also been 
found which in many instances resemble very closely the seismic effects. 

In the case of the San Francisco earthquake, however, there can 
apparently be no question that what was recorded by the magnetographs 
was a mechanical effect (sce Fig. 2). It is a matter of interest to note 


north-northwest. The remarkable feature of this earthquake aside from its 
intensity was its retary motion, The sum total of all displacements represents 
a very regular eclipse and some of the lines representing the earth’s motion 
ean be traced along the whole cireumference.” From this we deduce the time 
of the first shock 3:12:03, 

At the Lich Observatory the first shock was recorded at 5:12:12. 

At the Uhiah Latitude Obscrratory the first shock was recorded according 
to Dr. Townley at 5:13, correct within twe or three seconds, 

At FBureka, California, the first shock as reported to Professor Davidson 
was noted on a regulator owned by H. HH. Buline, who was awake at the time 
at 5:11. 

As it is likely that the epicenter was somewhat west of San Franeiseo, but 
at no considerable distance, owing to absenee of tidal waves, it is probable 
that the average time of the shocks at the origin which produced the reeords 
at the distant observatories was not far from 13) 12™, Greenwich mean time, 
Which ts at present adopted. L.A. B. 
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that at Baldwin there was a slight actual magnetie etfeet 3-4 hours 
before the shock was felt at San Francisco, to which no counterpart 
has vet been fonnd on the Cheltenham records, indicating that this 
cffeet observed at Baldwin was not a cosmic one, but was die to some 
local eiremmstances. To associate it with the San Francisco earth- 
quake is not at present warranted, 

Owing to the optical arrangement of the magnetograph, mm order 
to produce an effect which will be evident on the recording sheet, it is 
necessary to have a furning movement of the suspended magnet. Any 
parallel displacement of the magnet—sidewise or up and down—will 
vive no observable etfeet, an actual turning or retary movement of the 
magnet must take place and for this purpose a turming couple must in 
some manner be introduced. Such a couple is produced when the 
magnet is drawn out of its normal direction with the aid of a bit of 
iron whieh is then quickly removed, the earth imauediately acts on 
the magnet with equal and opposite forees apphed near the extremities, 
and after performing a number of vibrations about its mean position 
the magnet settles down and then takes up the course pursued before 
the artificial disturbanee. The effect thus produced is very similar to 
some of the earthquake effects. Were an earthquake accompanied by 
the generation of magnetic forees, the explanation of the observed 
effects would thus be very simple. 

When the seismie motion is such as to produce a tilting or rocking 
of the support, it can readily be shown that beeanse the suspended 
mass is a magnet, a turning couple is brought mto play by the earth’s 
magnetism causing the retary, vibratory motion of the magnet about 
its mean position, Were the suspended material a non-magnetic mass 
of sutheient weight. no such turning would take place, but the mass 
would act more or less as a * steady point. However, it is quite pos- 
stble that with the very Hght magnets weighing but 1. gram, and 
short suspensions used, we may also have to deal with a form. of 
pendulum seismograph, in which the peried of the pendulum is suf- 
ficiently small ax to more readily respond to certain micro-seismic 
motions than either type of instrument at present in use in this country. 

It would seem therefore that seismologists might be assisted m= the 
solution of some of the problems as to the precise character of the earth 
movements recorded on seismographs by a caretul study of the seismie 
effects recorded on magnetographs, especially if the effects both im the 
horizontal and in the vertical plane be considered, and if furthermore 
the record be obtained on a more open time seale, so as to be com- 
parable in this respect with the best seismograins. 

Whether the San Francisco earthquake caused a change in the dis- 
tribution of the earth's magnetism within the affected region is at 
present under mvestigation. 
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REMINISCENCES OF YUKON EXPLORATION, 1865-1868 


By WILLIAM HEALEY DALL 


SMITHSONIAN INSTITUTION. 


()' the human flood which poured over the Chilkoot crest and inun- 

dated the drainage basin of the Yukon in the last years of the 
nineteenth century, Elizabeth Robins, Joaquin Miller and Jack London 
have given lurid pictures. The thirst for gold drew miners from every 
western camp, gamblers from every shin, dreamers from three conti- 
nents, and human parasites from the whole round world. Tgnorant of 
the climatie conditions, unprepared for the vicissitudes of life in the 
north, often burdened with preposterous machinery, unsuitable equip- 
ment and impossible loads—this motley horde mvyaded the Yukon terri- 
tory im quest of fortune. With thousands exhaustion, exposure, disap- 
pointment, fear and panie dealt harshly in the end. 

The iterplay of human passions among those stripped thus of every 
conyentionality offered an unrivaled opportunity to the observer. 
Greed, fear, suspicion, cruelty and_ selfishness revealed themselves, on 
eccasion, as vividly as did the contrasted courage, kindliness, self-denial 
and heroie endurance of the nobler souls. On the just and the unjust, 
the strong and the weak, the coward and the courageous, mdiserimi- 
nately, plaved the natural forces. The soft, white, clogging snow, the 
stinging cold, the searching wind, the claims of appetite—none might 
forego. 

What with the fight for mere existence, the struggle for a paying 
location, the fitful gleaming of hope, fear, realization and disappoint- 
ment, few im all that seething multitude may have had eyes for the 
heauty. the solemnity, the poetry of that wild north land. For most 
of them memory would picture the weary monotony of the trail, the 
buifeting of wind and snow, the penetrating rigor of the cold. These 
things so bit into their experience that all other impressions would 
seem trivial. Upon these factors fiction and remance would lean for 
local color, until, in the course of years, they would become to the 
average man essentially typical of the Yukon country. Under these 
conditions it seems possibly worth while, for one of the few who visited 
the Yukon region in its virgin prime, to put on record some of the 
impressions which it left upon his memory. 

Like most great waterways, the Yukon itself has carved its kingdom 
out from the rude husk of mother earth. Before man was. its waters 
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flowed in much their present channels. At times their flood was 
mighty, comparable only with such streams as Amazon and Nilus. 
Once its waters reflected the foliage of oak and plane-tree; the fig and 
the tulip tree flourished on its banks and the heights beyond were dark 
with forests of Sequoia. Later, its soft alluvial flats trembled under 
the ponderous tread of the hairy mammoth, while the wild horse grazed 
upon its verdant savannas. The bison knew its prairieland and the 
mazama its foothills. With the wane of the Age of Ice the musk-ox 
sought pasturage upon the Yukon tundra. 

Strangely enough, during the height of the great Ice Age when the 
northeastern part of the continent as well as southern Alaska were 
buried deep under a continental iee-sheet, the greater part of the 
Yukon basin remained open to the sun. The traces of the glaciers are 
plain to see, about its head waters, on the Alaskan mountains to the 
south and the Yukon mountains to the north, but the terminal moraines 
are there to show where the deadly creeping of the ice was stayed, far 
above the present valley. During this time, perhaps, the muddy tor- 
rents bore to the river and the sea the alluvium which now composes the 
vast delta of the Yukon and the submarine flats, covering thousands of 
square miles, which are the characteristie feature of the eastern half of 
Bering Sea. With the shrinking of the glacier-sheet vast floods of 
water were let loose upon the alluvium of the lowlands, gradually 
shaping the features of the valley, concentrating the metallic contents 
of the gravels, and hurrying seaward the ‘mountain meal’ or im- 
palpable white silt of the glacial grist. 

From the volcanic craters of the mountain ranges to the south and 
west fine white ashes on one occasion poured in such volume as to eover 
the ground with a fleecy blanket, several feet thick, for many hundred 
square miles. Though covered by later accretions, this continuous layer 
of white ashes mav still be traced for many leagues along the steep 
bluffs of the right bank of the river where it is under-cut by the current. 

As the glaciers receded, the water supply became less profuse, the 
river settled between its banks, while the flats and prairies were invaded 
by willow and poplar, birch and spruce. The flora of the north, delicate 
and abundant, spread over the land, followed by the bee and the butter- 
fly. Singing birds found nesting places, and with them all the small 
wild things which populate the wilderness, to gather sustenance from 
seed or berry, or seek refuge from the fox or hawk. And so at last the 
valley lay complete as first we knew it. 

A brave domain, well defended, stretching some two thousand miles. 
On the north broad tundras hardly divided by low hills from the in- 
violate Arctie floes where they push upon the low sandy coast. To the 
northwest a turmoil of mountains, with hardly any game, kept off the 
explorer; while to the west, before the flatlands of the delta, lay many 
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miles of mudflats and shifting sandbars, with no landmarks to indicate 
the channels of which only the salmon knew the secret. No invader, 
seeking a fairway for his vessel, might find comfort here. On the 
south the mighty rock walls of the Alaskan and St. Elias ranges, 
bristling with splintered crags, between which lurk the unconquered 
renmants of the Glacier Age, confront the would-be intruder. Lastly, 
on the east, mountains alternate with morasses for hundreds of miles; 
with streams unnavigable even by canoes, except at the price of hourly 
portages ; tamarack thickets too dense to traverse, standing in bogs too 
soft to afford foothold,.and so populated by black flies and mosquitoes 
as to be abandoned in summer by all the larger animals. Were a little 
band of Hudson Bay voyageurs, bent on reaching the great unknown 
river, some sixty-six years ago, were driven, through desperate starva- 
tion, to the last imaginable horror. Not till MaeMurray flanked them 
by descending the Mackenzie far beyond the Arctie cirele and foreing 
the Rat River portage to the waters of the Porcupine, were the eastern 
defenses of the valley carried by an explorer. 

Iven then, a quarter of a century should pass before the white man 
from the east met his fellow from the west, under the Arctie circle, at 
Fort Yukon, and the whole long river should know the stroke of their 
paddles and smoke of their camp-fires. 

When the whites came they but followed on the trails of the Indian, 
whose far progenitors, lost in the mists of time, had penetrated to the 
valley, retreating, as legends tell, from massacre on the south at the 
hands of stronger tribes; or from starvation on the north, where, beyond 
the flats of frozen mud, lay only the barren floe. To them the Yukon 
gave of her caribou and salmon, and among her clustered spruce trees 
they found a safe refuge. There they prospered and begat other gen- 
erations, who in the fulness of time came to call themselves Yukoni- 
katana, Men of the Yukon. The ancient feud between Indian and 
Eskimo kept them from the coasts. Thus in a very emphatie sense the 
valley of the Yukon was their world. 

To enter into the Yukon Valley one must seale its watershed or 
advance by the stream itself through the delta. The former was more 
difficult, the latter longer and more monotonous. Creeping along the 
coast in shallow water, one came finally to a branch where a loaded 
sloop might enter, and, by hard pulling against the enrrent, finally gain 
the main channel. After leaving the sea one rowed between steep 
banks, honr after hour, the traveler seeing nothing but muddy water 
and seattered driftwood. If, in desperation, one serambled to the level 
of the Jand, one saw on every hand an apparently illimitable plain, 
broken only far to the southeast by a single summit, the isolated peak 
of Kusilvak Mountain, blue in the distanee. 

Over the level surface lay seattered the worn and shattered trunks of 
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driftwood fibrous with grinding in the ice of the spring freshet and 
stranded by the falling waters. Here and there were small patches of 
herbage growing rankly in the day-long sunlight of the boreal spring- 
time. Everywhere rose the harsh cries of water fowl, hovering over 
their shallow nests hollowed in the warm sand. Ducks, geese and all 
the smaller waders, with here and there a sand-hill crane or snowy 
swan, all busy in the brief domesticity of spring, thronged the flats, 
covered the pools, or rose in dark extended myriads, as far as the eye 
ean see. Violent cries and flapping wings called attention to some 
disreputable looking fox, with the rags of his winter coat still hanging 
to him, prowling in search of eggs of nestlings, but valiantly faced by 
the mother birds with loud vociferation. Now and then the great 
Arctic hare, looking as big as a deer in the absence of objects of com- 
parison, lopes silently and swiftly between the tufts of succulent 
herbage; or a great black raven croaks hoarsely overhead, watching his 
chance to snap up a downy duckling in the absence of its defenders. 
The sun, low in the heavens, sheds genial warmth over the noisy con- 
gregation, and rich green patches of Mertensia, or forget-me-not, open 
a profusion of blue petals, basking in the radiance. Dotted over the 
sands little yellow poppies stand singly, spreading silky corollas over 
their slender densely hispid stems. A profusion of Saxifrage, Poten- 
tilla, sedge and Claytonia is found on every hand, except where the 
latest freshets have been scouring. Steadily between its low steep banks 
flows the turbid river, dividing into many channels most of which, 
when the floods are over, become dry. 

After days of laborious tracking or rowing the main river may be 
reached. This for hundreds of miles flows steadily, with its current 
mainly hugging the right bank. This, if there be any high land about, 
is high, facing the stream with bold bluffs, which are gradually eaten 
away at the base by the gnawing current. At intervals a vertical slice 
of the bluff cracks, quivers and plunges into the water, carrying with 
it undergrowth and trees, which may remain as dangers to navigation 
or join the fleet of arboreal derelicts steadily moving toward the sea. 

The left bank is usually low, with perhaps a blue line of distant 
hills dimly visible. Islands in the lower river are not numerous, though 
many sand-bars come to light at stages of low water. The scour of the 
river in spate is not favorable to permanent islands. 

Ascending the river to the very center of the Alaskan territory, its 
width is suddenly contracted, its rate of flow increased, while high on 
either hand the banks rise steep and mountainous. This canon re- 
ceived from the Hudson Bay men the picturesque name of ‘the Ram- 
parts.” Between the June water level and that of July, at the lower 
end of the cafion, there is a difference of seventy feet. and the maximum 
is even greater. 
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About one hundred miles of the river are comprised within the Ram- 
parts, which do not rise as rocky walls, but rather as steep sparsely 
wooded slopes, formerly beloved of the mountain sheep. Above the 
Ramparts the river spreads out upon a wide alluvial plain, dividing 
itself amongst innumerable islands. 

Just below the lower end of the caion enters from the south the 
Tanana, River of the Mountain Men, a noble tributary. Here lay 
Nuklukahyet the neutral trading ground for many years. 

On the border of Alaska, just above the Arctie Circle, enters the 
Porcupine River from the northeast, the channel by which MacMurray 
won his way into the Yukon valley in the early forties. Here the great 
river bends to the southeast, enters British territory, and carries its 
navigable waters further nearly five hundred miles. In this stretch 
its hitherto pellucid waters receive the milky flow of the White River, 
glacier-fed, which tinges their flood henceforward, to the sea. 

The Yukon is the highway of all this land. When the frosts of 
October lock the streamlets and choke the outlets of the mountain 
springs, the wide stream is quickly ice-bound. At some points where 
the swifter current ripples, open water still remains, giving out feathery 
streaks of mist to the crisp air. 

Migratory fishes hurry to the sea. Already the water fowl] have 
departed. The first snow lies feathery soft amongst the seedling willows 
on the sandbars. The broad sheets of ice on either shore glisten in 
the enfeebled sunlight, and as the river falls, they sink, creaking and 
crashing until the early ice of the shallows lies unevenly on the gravelly 
river-bed. The turbidity of summer lessens and the current flows 
steely-dark along the open spaces. Sharper grows the cold; the heavy 
sun relinquishes more and more of its meridian are. The skies turn 
gray, and presently comes the snow, steady, silent, soft, incessant, cloth- 
ing the world. 

Deep under the fleecy blanket nestle the little green herbs. The 
field mouse tunnels the drifts where he may roam unseen and nibble 
the sweet bark of the young birches. Stately, silent, vigorous, the 
ptarmigan cock treads pathways amongst the willows, in snow no 
whiter than his plumage. Here the admiring flock may pluck the 
spicy buds to their content, heedless of the fowler’s snare, and hardly 
disturbed when the lesser hare, like them snow white, avails himself of 
their convenient runway. 

The red squirrel chirrups in the branches of the spruce, nipping 
off the loaded cones. Around him chirp the winter redbirds, cheeriest 
of residents, while in a neighboring poplar the raucous voice of the 
whisky-jack declares that the world owes him a living. The yellow- 
headed woodpecker hammers busily away on some decaying alder and 
from the steep bluff among the rocks comes with solemn repetition the 
hoarse ery of the raven. 
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As the sun sinks early to the horizon the owls call to one another 
and issue from their retreats, whirring softly among the loaded 
branches. The squirrels are safe in their holes, but let the incautious 
snowbird beware, lest he be snatched incontinently from his perch. 
Snake-like the mink in his dark glistening coat winds among the 
willows by the waterside, on murder bent. The petulant bark of the 
dogfox is hushed as he too moves with stealthy tread in search of prey. 
The stars come ont, the shadows blacken, hunters and hunted alike are 
still. Save for the musical twang of splitting ice, now and then, along 
the river, a measureless silence descends upon the world. As the cold 
strengthens, in the northern heavens the pale aurora lifts its quivering 
arch. 

The extreme cold is felt always in still weather. As the wind rises, 
so does the temperature. When sixty-eight below zero of Fahrenheit 
implies a calm, a rise of thirty-eight degrees is probable as the wind 
rises. While it does not often snow at this temperature, the wind may 
carry so much fine loose already-fallen snow along the surface of the 
open tundra or the river that it has the effect of a blinding snow-storm, 
against which nor man nor beast may stand. This is the dreaded 
‘poorga’ of the Russian, the ‘ blizzard’ of the western prairies. Here 
the ignorant gold seeker, ill-clothed, ill-shod, wearing himself out by 
yain efforts to withstand the forces of nature, often meets his fate. But 
who has heard of a Yukon Indian perishing in a poorga? The man of 
the Yukon had adapted his dress, his snowshoes, his tools, his move- 
ments, to his surroundings. Like the beasts of the valley, whose skins 
he wore, he knew how to seek or build a shelter which would shield 
him from the blast and keep him safe, even if uncomfortable, until the 
elements wearied of their rage. The humming of the wind in the 
swaying spruces, the rattle of flying bits of ice or dead branches blown 
over the crusted snow, the complaining ery of the hawk-owl as his 
hollow tree quivered under the gusts, all told of the progress of the 
storm to him brought up to listen to and understand the voices of the 
wilderness. 

And when at last the storm had spent itself, the traveler came forth 
from his temporary shelter to beat the snow crystals from his garments 
and look upon a world swept clean of litter, sparkling white under the 
winter sunbeams. The grouse from her tunnel in the snowdrift, the 
squirrel from his hollow log, the snowbirds from their retreats beneath 
the half-buried branches of the spruce, all issued forth upon their 
daily sustenance intent. The world was a good world, after all, and 
the singing gale mercly a break in its monotony. 

Where the tenderfoot, untrained, undisciplined and terrified, found 
only a demoniae nature striving to overwhelm a shivering victim, 
those to the manner born might feel a power, a majesty, an unswerving 
flight, as of the passing of a messenger of God. 
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As the days grow longer, while the trails harden, the deep snow 
settles, bearing a solid crust. There is a mildness in the air and in 
sheltered places little pools form on the ice about midday. The poplar 
buds are swelling. The raven’s nest among the rocks of the bluff is 
no longer empty. The river ice whitens though it does not yield. 
Presently the cry of the wild goose is heard, the flocks are returning 
from the. south. The ptarmigan forsakes the willow thickets, and the 
hare retreats from the edge of the river. They know what the creaking 
of the ice portends. The native fish-traps in the channel are dismantled, 
the snow on the beaches disappears. The river ice settles closer to the 
sand-bars; there is slush on the trail to the water-hole. The little 
brooks begin to trickle, and form pools where the grayling makes his 
retreat from the main river. The smaller migrant birds begin to ap- 
pear, the wheatear, the American robin and a host of others, with 
phalaropes and sandpipers. The harlequin ducks arrive in pairs, 
silently making their way up the smnaller streams, seeking secluded spots 
for nesting. The first mosquitoes appear, advance guard of the multi- 
tudinous pests of summer. 

As the streams increase in volume the river rises, the ice becomes 
rotten and is lifted from the sand-hars; man and beast seem to wait 
breathless for the ice to go out. ‘The sun pours down with a fervor 
not soon forgotten, though in the shade it is always cool. 

The cry of the brant, northward bound, is continually heard, and 
myriads of smaller water fowl appear on every hand. All the minor 
forms of life, native to the region or migrants from the south, with 
startling suddenness people the copses and pervade the air. Vegetation 
springs into leaf and flower at a bound. The water creeps up on the 
beaches, the ice is shaken by tremors often accompanied by a groan- 
ing sound. 

The tributary streams begin to run bank-high and flood the surface 
of the river ice; at last the crisis comes with the upriver rise. The ice 
breaks, great cakes are driven high upon the beaches or jam in the 
narrower channels between islands; at last it floods the lowlands; ice, 
débris, and driftwood pour, with a grinding noise, headlong toward 
the sea. Below the Ramparts at least a week goes by before the river 
is free enough from floating ice and broken timber to be navigable, even 
for canoes. With hardly a hint of spring, summer is upon the valley. 
Mosquitoes appear in clouds. Except in midstream or where a brisk 
air is blowing, life without a net and leather gloves is misery. The 
Indians smear their faces with a mixture of grease and charcoal, and 
paddle with a smudge on a square of turf, in the bows of their birch 
canoes. The cribou, moose and bear, driven from the thickets by the 
clouds of insects, plunge into the river for a temporary respite, where 
they are often slain by the hunter in his canoe. Whoso must travel 
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will be prudent to sleep at noon and utilize the cooler hours when the 
sun sweeps low along the northern horizon and the insects are less 
active. 

As the summer ripens the mosquitoes become less troublesome, 
though never entirely absent. The strenuous period of the spring floods 
being over, the great river settles down into its normal summer flow. 
Early in July it was the ancient custom for the Yukon Men, the 
“fountain Men from the Tanana River, and sometimes strangers from 
the Upper Yukon or the Koynkon tributary, to meet on a small flat 
island where the Tanana and Yukon come together. This was the 
nentral ground, Nit-klik-a-yét’ in the Indian tongue. Here no man 
might bring his quarrel, no tribe its feud. The meeting was devoted 
to the peaceful barter of furs, and to festivities where food, the weird 
Indian music and Indtan dances, were the rule. 

Many years ago I was fortunate enough to be present at the annual 
meeting. Mv companion and myself were the first whites to have that 
experience, On arrival, after the usnal harangue from the senior 
chief ashore and the spokesman of our party, and several salvos from 
flintlock muskets ashore and the shot guns afloat, we were allowed to 
land and a camping ground designated for us by the master of ecere- 
monies, who held his office with dignity. 

Later on shouts announced the arrival of the Mountain Men and 
we hastened to the beach to witness their reception. Dressed in his 
finest array the senior chief stood at the top of the bank, his followers 
all arrayed in their best, standing with loaded muskets ready for the 
salute. 

Swiftly around the bend in the river came the little fleet of birch 
canoes elegantly fashioned, uniform in length and pattern, each holding 
one man with his bundle of furs and store of provisions. They were 
uniformly dressed in their purely aboriginal costume of dressed deer- 
skin, ornamented with fringes, quill embroidery, and patterns drawn 
in red, derived from a soft argillaceons ore of iron. The trousers were 
continuous with the moceasins, and the upper garment bore a pointed 
skirt or pendant before and behind. Their long hair tied in two locks 
at the side of the head, wound with beads and polished with bear’s 
grease, was sprinkled with the chopped up down of swans. Their faces 
were painted with red ochre, every man wore an ornament piercing 
the cartilage of the nose, and a belt of dentalinm shell or caribou 
teeth. Their guns lay bestde them. With military precision the paddles 
struck the water in unison, the canoes wheeled and came to rest, paddles 
uplifted, a short distance from the beach, while every gun on shore 
boomed its salute. The ceremonies of landing and camping once over, 
the interest felt in meeting these handsome athletic men, who had 
never before seen or been seen by whites, was verv great. Although 
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they possessed beads, guns and pipes, these had been acquired from 
other tribes acting as middlemen. It is probable that people so little 
touched by our civilization no longer exist in North America. The 
basin of the Tanana is now occupied by a large mining camp with all 
that that implies, and the dignity and glory of the Mountain Men have 
departed. 

Midsummer brought all dwellers in the valley to the rivers, that the 
winter’s supply of salmon might be secured, the real staff of life to 
these people. The banks near the fishing camps were scarlet with long 
lines of fish, split and cleaned, drying in the sun. On the lower river 
the salmon were mostly taken in traps. Six hundred miles up-stream 
only the larger and stronger species made their way. One of my most 
vivid recollections is of the sight, just after shooting the riffle at the 
lower Ramparts, of a fishing party provided with very large dip nets on 
long poles. The dusk was close upon us and the rank of birch canoes, 
arranged in line transversely to the stream, was already in the shadow 
of the canon. Chanting a weird low chant in perfect time, at a given 
moment the broad nets were simultaneously plunged into the water 
while the frail birches rocked under the strain. Two canoemen were 
needed to lift one of the great king salmon out of his native element. 
The order, precision and silence, except for the mystical chant; the 
bronzed faces and sinewy arms half disclosed in the waning twilight, 
the swift water and towering heights of the cafion, left an ineffaceable 
Impression. 

The Yukon was good to her children. From her waters came the 
fish of many sorts, their staff of life. On her broad sloughs and amongst 
her thickets, the wild geese rested and the ducks raised their downy 
broods. The furs and skins which kept the native warm and dry, came 
from her banks. The stately spruce and silvery birch along her shores 
supplied houses, canoes, utensils, traps and fuel. Floored with ice or 
flowing yellow in the sun, she was her people’s highway. In death their 
elevated tombs were placed where might be had the widest view of 
Yukon water. 

The Men of the Yukon had, like other men, their careers, affections, 
tragedies and triumphs. The valley whose rim enclosed their world, 
since they knew none other, was as wide for them as our world is for 
us. It is certain that for their world they had worked out problems 
which we are still facing with puzzled trepidation in ours. No man 
went hungry in a Yukon village. No youth might wed until he had 
killed a deer, as token that he could support his family. The trail 
might le lined with temporary caches, yet no man put out his hand 
to steal. Men were valued by their achievements and their liberality. 
Any inan might rise to eminence and leadership by showing his fitness 
in his community. That there were evil doers occasionally is probable, 
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but there was an unwritten limit whieh might not be transgressed with- 
out eondign punishment. 

The stranger was welcomed without inquisitiveness, sheltered and 
fed without ostentation, and sent on his way without fee or reward. 
The dead were protected and remembered; their deeds of prowess 
handed down as examples for the young. Debauchery was unknown 
until taught by men of whiter skins. 

They suffered from the dread of mysterious powers, and the 
shaman took his tithes of them. Their religion was vague and their 
polities mostly a minus quantity; but in practice they knew what was 
just and good, and in the main made it their rule of life. 

Such were the Men of the Yukon, to whom civilization and the greed 
of gold brought drink, disease and death. The fittest has survived, but 
the fittest for what? 

Time will restore their verdure to the Yukon placers, when the 
gold has been extracted and the prospector ceases from troubling. The 
graceful spruce will clothe her ravaged banks once more, and even the 
salmon exterminated by the eanneries will replenish her waters in the 
fulness of time. The stern wheeler will pass away with the exhaustion 
of the mines, or at least become a rarity. The Aretie calm will rest 
once more upon her hillsides. But the Men of the Yukon trained to 
her ways by the experience of generations, wise in her capabilities, eon- 
tented with her bounty, the true children of the river and its valley, 
these she shall know no more. 
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FACT AND FABLE IN ANIMAL PSYCHOLOGY 


BY PROFESSOR JOSEPH JASTROW, 


UNIVERSITY OF WISCONSIN 


N AN has ever been ready to show his esteem of animal ways, even 
oS to the veneration that in early times took the form of animal 
worship. The cunning and courage of animals, their passions and 
endurance, their keenness of sense and mastery of instinct, appealed to 
the man of nature as enviable qualities. ‘The wolf that he feared, or 
the horse that be subdued was equally to him a fellow being. He was 
aware that the animal scent was trner, the animal sense of direction 
surer, than his own. Matching his wits against theirs, he knew that 
he might be outwitted by animal wile, might be overcome by animal 
daring. In his mythology he constructed beings endowed with super- 
human qualities by fantastic combinations of the animal and the 
human form; and in his fables, from /®sop to B’rer Rabbit, he gave 
to his favorite animal the hero’s part in his simple plots. He placed 
himself under the protection of some sacred animal as a totem, and 
held it as hkely that the souls of an animal could be made to inhabit the 
bodies of a man, or that by some magic he could be transformed into 
their semblance. 

It is quite possible that some obscnre and disguised variety of this 
same instinctive feeling may still affect our estimates of what animals 
do, and of how they feel and think. We know so intimately how our 
domestic pets enter into the routine of our lives, share our moods and 
occupations, that it seems plausible to suppose that only a lack of 
speech prevents them from expressing a knowledge of our thoughts and 
sympathy with onr feelings. But when we reflect upon the matter 
more soberly, we realize that we must not allow our prejudices to affect 
our judgment of what their behavior justifies us in concluding in re- 
gard to their intelligence. In considering what kinds of minds they 
have and how they use them, we must never forget how different are 
their needs from ours, how easily an action on their part may seem 
to be full of meaning to us (because if performed hy us it would be 
done for definite reasons and purposes), and yet may be for them a 
rather simple trick to gain our favor, This, indeed, is the difficulty of 
the whole problem. We can judge what animals think only from 
what they do; yet what they really do may be wholly different from 
what they apparently do. It is we who unintentionally read into the 
action the meaning that it has for us. The way out of this difficulty 
is not very simple nor very direct; and it is the psychologist’s business 
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to determine by all the various kinds of evidence and reasoning that he 
ean bring to bear upon the data, just what kinds of thinking the most 
favored animal can and can not master. The last particularly must 
be carefully considered; yet, both for animal capacities and animal 
limitations, is it of prime importance to note that, like ourselves, 
animals will only learn to do such things as enter profitably into the 
scheme of their lives. They will under ordinary natural circumstances 
acquire an intelligent appreciation of such of the goings on in the 
world about them as they can put to use; and even though we furnish 
our pets with decidedly different conditions of life and teach them 
much that they would have no occasion to learn for themselves, yet the 
manner of their learning will still remain of the same kind and re- 
quire the same combination of powers as governs their natural be- 
havior. So, in the end, the question of how animals think is one that 
psychology may hopefully consider. The answer will never be wholly 
complete; but there is no reason, so far as it goes, why it should not 
be sound and convineing—setting forth clearly and precisely what 
types of intelligent action animals share with us, and how much greater 
a range of even our simple thinking and doing lies wholly outside of 
both their interests and their capacities. 

Such reflections are brought home to the psychologist whenever he 
observes how willing people are to be convinced that the multiplication- 
table and reading and spelling fall as readily within the powers of the 
exceptional animal as they do within those of an ordinary small boy. 
Let us consider a group of performances that within recent years have 
been triumphantly heralded as proving the vast possibilities of animal 
education, and have been accepted by the vast majority of people for 
what they pretend to be. A wise horse, ‘ Kluge ilans,’ has mystified 
Berlin audiences; and ‘Jim Key,’ another equine sage, has done the 
same for the American public, by going through a program that in- 
cludes adding and subtracting, and multiplying and dividing, reading 
and spelling, telling time and the days of the week, indicating people’s 
ages, or sorting their letters, revealing their professions and_ their 
peculiarities, knowing the value of coins and bills, and even pointing 
out passages from the Bible or reasoning that a circle has no corners! 
In analyzing such performances, it is indispensable to remain undis- 
tracted by what the exhibitor asserts or pretends that the animal does, 
but calmly to observe what really takes place and to decide not neces- 
sarily how the trick is done, but what kind of thinking is concerned 
in the steps that the animal really takes. Sueh an exhibition may, 
however, offer an equally interesting study of the psychology of the 
audience as of the performer—a study of what people are ready to 
believe and why they are so disposed. 

It does not require a deep psychological insight to make it clear 
that the calculating and spelling, time-telling and letter-sorting horse 
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would be as much of a miracle as a Centaur, or a Pegasus, or a Unicorn. 
All these creatures belong, and with equal obviousness, to the world of 
fable; and the one falls as far outside the realm of actual psychology 
as does the other escape the ken of the zoologist. If one is inclined 
to regard that so obvious a proposition would at once command assent, 
he need only overhear the talk of those who come away from these 
‘marvelous’ performances to be assured that the calculating horse and 
the unicorn are in popular estimation horses of very different colors. 
The latter is at once put aside as belonging to the world of myth; but 
the former, though not to be met with in every stable, is regarded as 
falling within the occasional possibilities of mundane horsedom. 

If we forget for the moment that there is absolutely nothing in a 
horse’s life that would supply the least occasion for developing so re- 
markable a talent as is needed for counting or spelling, we may bring 
curselyes to consider what kind of a miracle the calculating horse would 
stand for. An extravagant admirer of the Berlin horse, in maintain- 
ing that ‘ Hans’s’ education is about on a par with that of a boy (even 
a Berlin boy) of twelve years, has at least the courage of his convic- 
tions; nothing less would suffice to fit that genins of a horse to handle 
numbers and words and the abstract relation of things as his friends 
allege. And if a Zuln or an Esqnimau were, after an equally brief 
schooling, to turn out a Newton or a Darwin, it would be rather less 
of a marvel. 

To gain a common-sense view of the matter, observe a bright child 
of three years of age: note how it gives a hundred evidences for every 
hour of its waking existence, of a ceaselessly busy occupation with all 
sorts of ideas and little mental problems; how it sets up in its play 
one situation after another, sees new relations, devises a new use for 
an old toy, and creates a little world of its own imagining, for which 
it makes rules and breaks them, pretends that things are happening 
and gives reasons for their doing so; and so hour after hour proves 
itself possessed of a very acute little mind to which ideas and rela- 
tions and situations are very interesting and familiarly handled mental 
tools or playthings. It is very true that much of this we know only 
because the child keeps up a constant chatter in its play, and speaks 
for itself as well as its toy or dolls, reveals its inventions in words, and 
thus tells the story, which without the explanation we could in our 
grown-up remoteness from such occupation but feebly understand. 
3ut the very possibility of learning all this language and of using it 
is itself a direct tribute to the intelligence that animates the little brain 
and reveals its finer quality, its greater possibilities. Language helps, 
most decidedly helps, the mind to grow in scope and power; but it does 
not create the capacity which its use requires. We have, moreover, 
some very interesting accounts of the cleverness of young children, who 
from early infaney were both deaf and blind, and who from their dark 
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and silent world into which language could but sparsely enter, gave 
equally convineing proof of how busy their brains were with much the 
same kind of thoughts and purposes and interests as make up the 
mental lives of their more fortunate playmates. Naturally their do- 
ings were decidedly hampered, and their thinkings decidedly limited 
by the slightness of the bond—the single highway of touch—that con- 
nected them with their fellow beings. Such a child, in almost as 
languageless a condition as a dog and with far less chance of finding 
out what was going on in the world and of participating therein, de- 
velops into a rational creature of just that special kind of rationality 
that even in its simplest terms the brightest dog seems never to achieve. 

And now consider what a slow and weary path this bright child, 
equipped with all its sense and senses, and at the expense of much 
patient teaching, must tread before it comprehends the message of 
the letters, and gets to look upon ‘twice two is four’ as something 
more than a rather stupid bit of memory exercise, that, like virtue, if 
persisted in, brings its own reward. With an inconceivably great start 
beyond the dog or the horse, with a tremendously greater aptitude for 
just this sort of mental acrobatics, the human child must await some 
years of ripening of its powers, and upon that favorable foundation 
expend some further years of initiation and schooling to exhibit a 
simple proficiency in getting meaning out of those crooked black marks 
on white paper, and in putting two and two together so as to com- 
prehend the manner of its strange transformation into four. Surely, 
the accomplishment merits our profound admiration. To this under- 
standing of how much is involved in bringing an apt mind to the 
point at which reading and calculating becomes a bare possibility, 
of how great a world is already conquered when the three R’s begin 
to play even the most modest of parts, let us add one point more: 
When the child begins to show (and not wholly by language) that the 
letters and numbers have some meaning, it shows the fact so variously 
that we have constant means of testing how real its knowledge may be. 
We gain a pretty fair idea in each case, how far the accomplishment is 
a mere mechanical trick, or a really comprehended operation. Every- 
where the limitations are conspicuously obvious; and we know how 
gradually we must add to the complexity of the business, how readily, 
by only a slight change in the setting of the problem, we sink the strug- 
gling mind beyond its depth. All this is a very sound lesson in psy- 
chology to take with us, when we attend a ‘ show’ in which a horse or a 
dog is put through some steps which are supposed to prove for the star 
performer a real comprehension of the message of the letters and the 
operations of the multiplication-table. 

With so much of preamble, let us look at the actual performance, 
first as it is presented on the show-bills, and then as it appears from 
behind the scenes. The program that advertises the learned perform- 
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anees of ‘Jim Key’ includes among its dozen numbers such items as 
these: ‘Jim shows his proficiency in figuring, adding, multiplication, 
division and subtraetion for any number below thirty.” ‘He spells 
any ordinary name asked him.’ ‘ He reads and writes. ‘ Gives quo- 
tations from the Bible where the horse is mentioned, giving chapter 
and verse *; and in addition acts as a post-office clerk or handles a cash- 
register. When these problems are reduced to equine terms, they prove 
to be simple variations of a single theme. ‘To aid the figuring, the 
numbers are placed in natural order on large frames, five in a row, and 
five rows: and the letters, in alphabetieal order, are similarly displayed. 
The numbers to be added or subtracted are proposed by some one in 
the audience, and repeated by the showman. The horse then proceeds 
to the card bearing the number that indieates the result, takes that 
eard between his teeth and gives it to his master. ‘The same is done 
for words composed of letters, each letter being seleeted in turn. 

This is absolutely the whole performanee; and even when most 
generously interpreted bears a deeidedly remote resemblanee to what 
the posters describe. The interesting part of it all is that so many 
who witness this simple exhibition are quite ready to conelude that 
before ‘Jim Key’ chooses -his eard, he goes through those mental 
processes which eaeh one of the audienee performs when he works out 
the answer to the problem as announeed. This assumption is not alone 
wholly unealled for, but is actually preposterous. One of the elemen- 
tary facts that students of mind, whether of human or of animal minds, 
clearly grasp, is that there are vastly different ways in this complex 
world of ours, of doing the same thing. The same result is reached 
by wholly different means. To negleet this distinction would be to 
eonclude that because one man—or, if you hike, a horse or a squirrel— 
avoids a certain mushroom on aceount of its unpleasant odor, and the 
botanist does so by recognizing it as a specimen of Amanita muscaria, 
that all have displayed the same kind of intelligence, have used the 
same reasoning, beeause in the end they reach the same result—the 
avoidanee of the fungus. To the simple, but comprehensive statement 
that the horse gives not the slightest indication of going through any 
of these processes in order to select his ecard, it need only be added that 
he gives decided indication of going through a very different kind of 
process. It is not at all necessary to know precisely what special sign 
the horse observes in guiding his selections, in order to determine 
(which is the important thing) that it is some kind of simple sign, an 
operation that falls within this general type. The type of ‘ Jim Key’s’ 
operation is simply that of learning to go first to a certain one of five 
rows, that is either the middle, or the top, or the bottom, or the one 
between middle and top, or the one between middle and bottom; and 
then in turn to select one of five cards arranged horizontally that offer 
a similar choice. Whether the cards bear numbers or letters or Chinese 
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characters or the Weather Bureau signals or any other markings, and 
whether these markings have any meaning, is as wholly indifferent to 
the horse as it is unnecessary for him to go through any reasoning 
process in order to select the eard that he is to present as his answer. 
As to the precise association that an animal comes to establish between 
a certain sign and a certain action, and the number and complexity of 
such associations that he can master, there is doubtless some variation 
aniong aninals, though again hardly as much as amongst men. It is 
also interesting to determine the nature of the signs, whether noted by 
the ear or the eye, that a dog or a horse most readily learns; but all 
these details do not at all modify the general nature of the operation, 
which mainly needs be considered. ‘The actual indication that ‘ Jim 
Key’ follows to reach first the right frame, and then the right row, 
and then the right letter, seems to be given by different positions of 
the master’s whip. The ability to learn even this simple association 
is probably very limited, and in this case seems never to exceed ‘ five.” 
Upon this slender basis of actual achievement, does ‘ Jim Key’ attain 
his reputation as a learned thinker. 

The performances of ‘ Kluge Hans,’ so far as they may be gathered 
from the printed descriptions, are of no more complex character. The 
method of response is simpler and consists of nothing more than in 
pawing continuously one stroke after another, and of stopping when 
the nmnber of strokes corresponds to the answer of the arithmetical 
problem that has been set. Alphabets and ‘yes’ and ‘no’ must also 
be reduced to numbers before they fall within ‘ Hans’s’ repertory. 
Here again, as announced, the program is most versatile and startling. 
There is the same proficiency in multiplying and dividing and adding 
and spelling; and by an ingenious variation of the question, ‘ Hans’ 
will tell how many of the admiring company are over fifty years of 
age, or are members of a certain profession, and will paw ‘yes’ or 
‘no’ in answer to any question of which his master knows the answer. 
The claims punt forth on behalf of the Berlin horse—and that on the 
part of men otherwise versed in scientific matters—is indeed remark- 
able. positively astounding; for one of these attributes to ‘ Hans’ a 
perfect acquaintance with fractions, the ability of distinguishing colors 
as well as playing-cards, to tell the coins of the realm, to differentiate 
geometrical figures, to give the time upon any watch-face, to name 
musical tones and tell which are discords. The method by which these 
answers are indicated is never more nor less than that of pawing until 
the correet number is reached. The more complicated replies are in 
the form of words: for this purpose the elementary sounds are reduced 
to 42—allowing for combinations of vowels and consonants. Accord- 
ingly, any one of these sounds is indicated by occupying one of seven 
places on one of six rows; thus for ‘j,” ‘ Hans” stamps first 3 times 
and then 4; and for‘ Sé, first 5, then 6G. Under this system, the horse 
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is actually supposed to distinguish between the ordinary ‘s’ and the 
‘long s’ at the end of the word, between ‘du’ (with the Umlaut) and 
‘au’ without it, and so on. Such, at all events, is the claim set 
forth for ‘ Hans’s’ miraculous intelligence. As a fact it is, of course, 
completcly a matter of indifference to ‘ Hans’ what the questions may 
be; they could with equal success be put in Greek or Sanskrit, so long 
as he can catch the right signal and stop pawing at the right time. 
And so again the gap between fact and fable is world-wide; and the 
assumption equally groundless that any measure of the human kind 
of reasoning intervenes to make possible the horse’s replies. 

Surely there is nothing in either of these performances, except the 
pretences of the showman, that in the least suggests the use of any of 
the powers that the developing child must first acquire to gain an 
actual knowledge of numbers and letters. And, if we look, we shall 
find many indications of the quite different processes that are really 
concerned. The best of these lies in the nature of the mistakes that 
are likely to occur. For ‘Jim ley,’ these take the form of selecting a 
neighboring letter—an ‘x’ for a ‘y’—a kind of mistake which no 
mind that really was doing any spelling would be in the least tempted 
to commit; while ‘Hans’s’ mistake consists in not seeing the signal 
quickly enough, and in pawing once too often or in anticipating through 
the getting ready of the signal, and stopping too soon, again a type of 
mistake that has no relation to the actual operation of those who cal- 
culate and read. So also the scope of the questions that these mar- 
velous animals at once attack without preliminary training shows how 
unrelated is the finding of the answer to the consideration of the prob- 
lem. If we add considerably to the difficulty of the problem that we 
set to a calculating child, we must be prepared to accustom its powers 
gradually to the increased difficulty and to take sinall steps repeatedly 
with much chance for mistake in the newer processes. But these cal- 
culating horses jump at once into fractions and square-roots, into 
propositions in geometry, and equations in algebra, when some enter- 
prising questioner proposes them. This at all events is true for 
‘Hans’s’ master, who easily prepares the result; though in ‘Jim 
Key’s’ case, one sometimes suspects that the calculating possibilities 
of the master are not immeasurably in advance of those of the horse. 

And once more—it certainly seems strange that so exceptionally 
educated an animal should find no other occasion to exercise his re- 
markable powers, should not spontaneously exhibit some original evi- 
dences of his genius, that would distinguish him from the ordinary 
horse. We are even tempted to pity so talented an animal with no 
outlet for its vigorous mind, condemned to the monotonous round of 
oats and hav, varied only by the tit-bits of carrot and sugar which, 
however, seem to be appreciated as rewards of learning by these edu- 
eated animals quite as keenly as by their untutored kind. It is also 
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pertinent, though possibly unnecessary, to point ont the inherent con- 
tradietion between the operations that a sueeessful reply is supposed 
to involve and the absurdity of the failures or wrong answers that 
occasionally oceur. Thus, this most intelligent Berlin horse, who is 
supposed to be acquainted with difficult mathematical relations, ocea- 
sionally makes mistakes. Now when a child makes a mistake, it is 
in regard to some operation just beyond its capacity, while the simpler 
additions and subtractions are readily aceomplished. On the other 
hand, Hans, immediately after giving an answer in square-root, fails 
to count the buttons on an officer’s coat, and insists, until repeatedly 
eorrected, that a man has three ears and not two; or again, after 
making the minute distinctions of German orthography, puts A’ for 
J; and further, if this miraculous horse really distinguished the 
sounds and converted them into letters, why should he not he phonetie- 
ally misled and occasionally substitute, let us say. a ch for a k, whieh 
would mean all the difference between 2 pawings followed hy 7, and 
3 followed by 5. Yet such objections are indeed snpertluous, or would 
be were they not so commonly disregarded by the prejudice in favor of 
taking such absurd pretences at their face value. In brief, it is diffi- 
cult seriously to investigate these limitations in any other spirit than 
that of pointing out how unmistakably they indicate an unreasoning, 
unrelated method of reaching the answer through some system of signs. 

This statement of the facts of the case does not at all imply that 
in this performance we have reached the limits of the horse’s edueation. 
Very likely the intelligent horse may he taught to go very much farther 
than this in the direction of his natural ability to associate signs with 
actions. It would, for example, be very interesting to know whether 
‘Jim Key’ could be tanght, in selecting one after the other the letters 
that spell his name, to go of his own accord for the ‘I° after he has 
been led to the ‘J. and then to the * M, and so on; that is, whether 
he could learn to perform a scries of seleetions by associating each with 
the one folowing. This would still be a task of the same order, but a 
more complicated one; and in investigations of this kind earnest stu- 
dents of animal intelligence have obtained important evidence as to the 
capacities and limitations of animal thinking. Such psychological 
questions are asked in a different temper from that which prompts the 
stage performances, and lead to far more useful results. 

And so we come last to the other side of our inquiry, why this kind 
of a performance is so generally accepted at its face value, why educated 
persons will attribute to the horse (as they do to the Berlin horse), the 
insight to recognize that 27 divided by 7 gives 3 with a remainder of 
six, that 14 must be added to make a unit out of 34, or that at 12:17 
one mmst wait 45 minutes for one o'clock! Indeed, so wide-spread were 
the misleading accounts of this learned animal, that a commission of 
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inquiry was appointed to investigate the whole affair; and upon this 
commission sat a professor of psychology of the University of Berlin. 
Though the foregone conclusion was reached that the performance did 
not exhibit ‘a scintilla of anything that may be regarded as thought,’ 
it certainly seems incongruous that so serious an inquiry should have 
become desirable. Only one point of interest seems to have been 
elicited, namely, that the horse’s master or the bystanders may have 
frequently been honestly unaware of giving the sign which the keen 
senses of the horse caught as the indication to stop pawing. Perhaps 
we need not too pointedly raise the question as to how far these exhibi- 
tions intentionally deceive their audiences. Wherever systematic 
training enters, it follows that the trainer must realize how wide is 
the gap between what is done and what is pretended. Self-deception 
on the part of the showman can not be held accountable for more than 
a slight portion of this discrepancy. Yet still truer is it that if people 
were not ready to credit such remarkable powers to the horse or the 
dog, such exhibitions would find no favor. It is partly because animals 
can really do many things that are wonderful in themselves and, if 
performed by men, would require considerable rational powers, that we 
are inclined to credit them with capacities for learning similar to our 
own. This tendeney can be held in check only by an appreciation of 
the complexity of even a simple piece of true reasoning, of how essential 
it is to appraise an action in terms of the process that led to it, and 
how indirect is the revelation of process that comes from the knowledge 
of the result alone. When this simple lesson in psychology is clearly 
recognized as furnishing a sound basis for judgment, there will be less 
tendency to believe that horses can take unto themselves brains with a 
capacity to multiply and read, as to believe that a horse has suddenly 
sprouted wings, even though such a Pegasus is pictured on the posters 
displayed in front of the exhibition hall. 

People would also less easily succumb to such deception if they 
stopped to consider that in regard to these animal performanees they 
must earn the right to an opinion by some simple measure of initia- 
tion into the arrangements of what impresses the uninitiated as a re- 
markable exhibition. The first attitude is naturally that of wonder, 
and in lack of any detailed knowledge of what the trick may be, the 
tendency is strong to credit, at least in part, the explanations that are 
advanced. Once this attitude is overcome and the kind of training that 
prepares for the performance is understood, the whole affair loses its 
marvelous aspect and becomes a mildly interesting demonstration of 
animal training. <A brief glimpse of the mechanism hchind the scenes 
is quite snilicient to balance the glare of the footlights and leave the 
spectator in possession of his usnal measure of human intelligence that 
enables him to appraise sympathetically but sanely the intelligent 
powers of animals. 
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THE WORLD STATE 


By C. C. ECKHARDT 


UNIVERSITY OF MISSOURI 


i the last decade certain disconnected movements have accom- 

plished something in the way of bringing about a world state, 
and other movements are on foot to bring about a completion of this 
general movement. The Hague Peace Conference (1899) brought 
about the establishment of a permanent international court of arbitra- 
tion or the international department of justice; the Interparliamentary 
Union is trying to effect the establishment of a world parliament or 
congress, or legislative department, and if possible a world executive 
department. The purpose of this article will be to deal with the 
history and nature of each of these movements, to point out the reasons 
why the present movement ought theoretically to succeed and to discuss 
the obstacles to a successful realization of such plans. 

1. The Hague Peace Conference and the Hague Tribunal.—In the 
summer of 1898 the Tsar invited all the principal states of the civilized 
world to send delegates to discuss concerted action for the maintenance 
of a general peace and the amelioration of the hardships of war and to 
plan for the possible reduction of the military and naval armaments 
of the world. This conference met May 18 to July 29, 1899. It was 
composed of one hundred delegates representing states having standing 
armies and navies; twenty-six nations in all were represented. The 
Papacy, the Transvaal Republic, and the states of Central and South 
America were not represented. The results of the conference were 
twofold: (1) Certain arrangements concerning warfare were made and 
(2) a permanent court of arbitration was established. 

The arrangements concerning warfare need not occupy our atten- 
tion; suffice it to say that a number of resolutions were adopted which 
tend to make war less brutal and have in view the ultimate reduction 
of military and naval armaments. Besides these humanitarian efforts 
of the conference, it accomplished what will be historically much more 
important, namely, the establishment of a permanent international 
court of arbitration. The powers agreed to submit all serious cases of 
international dispute for decision to an international tribunal. The 
conference provides for the selection of persons who shall constitute a 
permanent tribunal for six years. Each power can choose not more 
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than four members, who must be learned in international law. If a 
dispute occurs the disputants select two of these four from each country, 
or others not permanent members. ‘These parties choose an umpire, 
and the settlement is to progress according to stipulated arrangements 
of procedure. So by this conference a world tribunal was established. 

Strange to say, the nations did not submit any cases for arbitra- 
tion in this court until the vear 1902. To the present time five cases 
have been submitted. The first was the Pious Fund Case, 1902. This 
concerned a dispute over the disposition of a fund created for the 
support of certain missions in Mexico. In 1697 the Jesuits in Mexico 
had collected a fund for their monastic and missionary enterprises. 
After the abolition of the order of Jesuits in 1768, the government 
seized the property of the Pious Fund, but distributed its income 
among the missions concerned. After California became a part of the 
United States, these annual payments were not made to the missions 
in California. Our government protested on the part of the missions 
concerned, but to no avail. Finally, both departments of state con- 
cluded to let the matter be judged by the Hague Tribunal, and there 
the award was given to the claimants of the United States. Mexico 
was asked to pay the arrears and to continue the regular annual pay- 
ments. Another case was between Venezuela, on the one hand. and 
a number of European countries and the United States, on the other. 
The chief facets of the case are the following: Owing to numerous 
revolutions in Venezuela, the government was heavily in debt and was 
unable to meet its financial obligations to European and American 
ereditors. Venezuela disagreed as to the amount to be paid and wanted 
time to reorganize her finances. Several of the European countries 
brought pressure to bear on Venezuela with little suecess. Finally, 
it was decided to arbitrate the claims at The Hague. ‘This was accom- 
plished in February, 190+. The claims in the aggregate did not amount 
to very much, but the precedent was very important. Deeisions in the 
other three cases have not yet been rendered. 

Fully as important as the cases which have been submitted to the 
Hague Tribunal is the recent agreement of Norway and Sweden. In 
drawing up the final terms which provided for the peaceful separation 
of Norway and Sweden, those two powers agreed for a period of ten 
vears to submit to the Hague Tribunal all matters of dispute, except 
those which affect the independence, integrity and vital interests of 
either. Similar treaties of arbitration have been drawn up by the 
other powers, hut this treaty differs from the others in one important 
respect. In the other treaties either party decides whether the point 
in dispute is of vital interest or not. In the case of Norway and 
Sweden. the Hague Tribunal deeides whether the point in dispute is of 
such vital importance as can not be decided justly by the tribunal. 
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So we see that the newly created department of justice has had very 
little to do—but the fact that it has had any disputes at all to decide is 
avery hopetul sign. The tendency will undoubtedly be to have more 
eases submitted. The example of Norway and Sweden may be followed 
by other states. A more valuable precedent would be a similar arrange- 
ment by two first-class powers. 

2. The Interparliamentary Union, or the attempt to establish a 
world congress or legislature. At present there is in existence an 
organization called the Interparhamentary Union; it is composed of 
members of the various leislative bodies of Europe and America; its 
object ts to have conferences periodically to discuss the means of bring- 
ing about an international legislative body—a world congress or parlia- 
ment. This union was founded in 1588 in Paris as a result of the 
work of William Randall Cremer, M.P., an English carpenter and labor 
unionist. In 1889 the first regular conference was held in Paris, and 
since then meetings have been held at most European capitals and in 
some other important European cities and in St. Louis. It now has 
more than two thousand members, all of whom fill seats In some na- 
tional parhament. There are two hundred from the United States. 
Membership is voluntary and lasts as long as the members retain seats 
in their respective parliaments or legislatures. In discussing this 
union we shall note its accomplishments to 1904, the work of the 
mecting at St. Louis in that year and its most recent efforts to create 
a world parhament. 

The achievements to 1904 are rather difficult to state. The move- 
ment has grown gradually; it has had practical statesmen as organizers, 
leaders and members; their influence has been great in creating and 
stimulating a sentiment in favor of universal peace and the means of 
attaining that peace. From the beginning the conferences have at- 
tempted to bring about international arbitration, and it is teresting 
te note that at the Hague meeting in 1894 the conference declared in 
favor of a permanent court of arbitration, and a commission of six 
men was appointed to draw up plans for such. Thus it should be 
remarked that this conference anticipated the Hague Peace Conference 
by five years, and that the main work of the Hagne Peace Conference 
was due in no small degree to the work of the Interparliamentary 
Peace Conference. 

One of the most prominent leaders, at least the most prominent 
American leader, at present is Richard Bartholdt, congressman from 
Si. Louis. It was dne to his intluence at the 1903 meeting at Vienna 
that the union held its conference at St. Louis in 1904. At St. Louis 
the famous St. Louis resolution was drawn up by Bartholdt and 
adopted unanimously by the conference. It declared in favor of the 
following things: (1) There should be a conference of nations to con- 
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sider the universal execution of treaties of arbitration; (2) a congress 
of nations should be created in which every nation shall have repre- 
sentatives. Such sentiments had been expressed before; but this 
seemed to be greeted with more enthusiasm than any other similar 
proposal of the past. After having closed the session at St. Louis, 
the members of the conference visited Washington and requested Presi- 
dent Roosevelt to invite the governments of the world to send delegates 
to a Second International Peace Conference. This he did. All of 
the powers replied favorably except Russia and Japan; their refusal 
was owing to the prosecution of the Russo-Japanese War. When 
hostilities ceased it was thought that Roosevelt would ask the Belgian 
government to issne a formal invitation to all powers concerned. But 
during the Portsmouth Peace Conference the Tsar, through his diplo- 
matic representatives, expressed his desire to have the privilege of 
calling the Second Peace Conference, since he had called the first. 
Roosevelt gladly consented. Just recently the Tsar summoned the 
conference to meet in the fall of 1906. 

Hitherto the work of the Interparliamentary Union has been merely 
preliminary, working up an organization, creating a desire for an 
international congress. In the past year important steps have been 
taken. In August, 1905, the union held its thirteenth annual meeting 
at Brussels. Here two things of importance were accomplished. In 
the first place, the South American and Central Amcrican republics 
were invited to send delegates to the next annual meeting of the union. 
Up to that time the Latin American states had not been asked to 
participate in this movement. Secondly, a commission of seven mem- 
bers was appointed to draw up a plan for an international congress. 
Mr. Bartholdt was the American member of the commission, which met 
in Paris in November, 1905. The plan of the commission provides: 
That an international legislature of two houses shall be established ; 
that the lower house, or popular branch, shall represent the various 
legislatures of the world; that the upper house, or senate, shall be ap- 
pointed by the various governments; and that this legislature shall 
meet periodically, probably at the Hague. This plan of the commis- 
sion will be the basis of discussion at the next meeting of the union. 

So far the Interparliamentary Union has merely created an organ- 
ization which has been given no legal status or official recognition by 
the various governments. It has had no appreciable influence on in- 
ternational relations. Nevertheless, its work to the present time has 
been of considerable valne and importance. It has secured the member- 
ship and earnest support of the highest-minded and most capable 
legislators of the world. Through its members and its own influence 
it has created and stimulated feelings in favor of universal peace, and 
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is ready to contribute what is perhaps a very satisfactory means of 
maintaining this much-desired universal peace. 

3. The World Executive—To the present time no definite plan for 
a world executive has been proposed; no movement to establish this has 
been put on foot. Provisions for this department will no doubt be 
made later as the occasion requires. No one knows what form it will 
take. It will hardly be delegated to one man, or even a few men. 
The international parliament may appoint a committee for all neces- 
sary administrative work ; this may be divided into a number of bureaus 
having charge of the various kinds of administration. If any armed 
coercion is necessary to enforce international laws, the combined fleets 
of a number of powers may be used, as has been the case in the last 
century when the powers coerced Turkey. 

4. The Purpose of the World State-——We have been discussing the 
origin, organization and characteristics of the proposed world state— 
now a few words as to its purpose and the place it will fill. Its pur- 
pose will be: (1) To provide a definite recognized code of international 
law; (2) to establish a tribunal which will apply this law, which will 
arbitrate disputes arising between nations and prevent the disagreeable 
and disastrous clashes between the peoples of the civilized world. In- 
ternational law at the present time is unsatisfactory. It does not have 
the force of law as does municipal law; it is not uniform. There is 
need of a legally constituted body to weed out inconsistencies, to bring 
in uniformity, to make new laws for the numerous points which are 
still undecided and which are bound to appear as the intercourse of 
nations becomes more and more extensive. No one will dispute that 
the world state will fill a definite place. 

d. Why the Present Movement for a World State ought to succeed. 
—A proposal to establish a world state will naturally have its crities— 
many will doubt the success of such an undertaking. But there are 
a number of reasons why success can be hoped for some time in the 
future. Immanuel Kant in his ‘ Perpetual Peace? declares that the 
following things are necessary for a world state: (1) All nations should 
have representative government; (2) successful systems of federal gov- 
ernment must have been established in part of the world; (3) there 
must be a moral force to support the effort. This statement is mere 
opinion, but the opinion of this writer may well be cited as worth con- 
sideration. It seems to us that these things are essentials. To what 
extent are these requirements fulfilled at the present time? 

tepresentative government has been attained by all the christian 
states of Europe except Russia; and undoubtedly the Russian people 
will also secure some measure of political liberty before the present 
disturbances are permanently allayed. All important nations and 
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communities outside of Europe have their affairs settled by representa- 
tives of the people—the United States, Canada, Australia, Japan. 
Even China has recently appointed a commission to travel in Europe 
and America to inspect the best forms of representative government. 
Federal government has been snecessfully tried in a number of cases— 
the United States, Germany, Switzerland, Canada and Australia. The 
moral sentiment which will support such a movement has been in- 
ercased very noticeably in the nineteenth century. The idea of the 
brotherhood of man has gained great strength; there is a growing idea 
that moral law is fully as binding on nations as on individuals; there 
is an ever increasing number who think it is Just as wrong to kill a 
man in battle as to commit murder. Then along with these forees 
there is the so-called * Welt-Geist, a cosmopolitan spirit, the idea of 
world-citizenship. 

The hope that the powers may some time unite to establish a per- 
manent international legislative body does not seem unreasonable. The 
past century produced what is called the Concert of Enropean Powers. 
They have met at irregular intervals to discuss affairs of mutual in- 
terest; the enactments of some of these congresses have become recog- 
nized international law. A few examples will suflice. The Congress 
of Vienna (1814-1815) rearranged the map of Europe and undid 
much of the work of the revolutionary era. The Near Eastern Ques- 
tion has frequently occasioned united action on the part of the great 
powers of Europe. The navigation of the Rhine, the Elbe and the 
Danube has been regulated by Enropean congresses, held at various 
times. In 1856, at Paris, the powers drew up rules concerning priva- 
teers, neutral goods, goods contraband of war and blockades; and these 
rules are a part of recognized international law to-day. In 1888 the 
Suez Canal was neutralized. In 1884 and 1885 the powers assembled 
in order to partition Africa peaceably and to make definite regulations 
concerning African affairs. In 1874, at Berne, was established the 
Universal Postal Union, whereby most of the nations of the world have 
secured a more adequate foreign-mail service. In the past few months 
the conference of Algeciras met to discuss international interests in 
Morocco. These facts show that in the past and present century the 
nations, not only of Europe, but of the whole world, have successfully 
cooperated in affairs of mutual interest. If they can meet irregularly 
for special purposes, it is not at all fanciful to think that at some future 
time they may meet periodically to make laws concerning all affairs of 
international polity. 

There are also some practical reasons why the movement can and 
ought to sueceed. The first is economic. The establishment of a 
world state will tend to secure peaceful intercourse between nations; 
there will be less and less occasion for war; international relations will 


THE WORLD STATE 153 


be more definitely defined; more and more disputes will be settled by 
arbitration in the court of the world. Such a state will receive the 
undivided support of the commercial interests of the world, for com- 
merce thrives best in times of peace. Since this is an industrial and 
commercial age, the business interests ought and will support a move- 
ment to bring about and preserve peace. The practical or mechanical 
obstacles to the establishment of a world state are fewer now than ever 
before; in fact, one might almost say they do not exist any longer. 
sy means of past inventions and discoveries the world is more closely 
united, more thoroughly bound together, than ever before. Steam rail- 
Ways, steamships, the telegraph, telephone and wireless telegraphy and 
scores of other mventions have annihilated distance. The formation 
of a world union is easier than ever before. 

6. Obstacles to the Success of the Movement—Untfortunately sneh 
a movement as we are considering will have a number of serious ob- 
stacles to meet and overcome. Perhaps the most potent hindranee to 
the speedy establishinent of a world state will be the existence of 
sirong national feelings, the antipathy of the nations of Europe and 
the local patriotism on the American continent. It will be a long 
time before race hatred and national enmity will be allaved; it will 
probably be centuries before *jingoism’ and local patriotism will be 
supplanted by reason and a cosmopolitan spirit. But in connection 
with this obstacle, one ought to note that a great amount of this 
cosmopolitan spirit does exist now and will continue to grow. Happily 
this spirit or feeling is not to be found solely among the upper and 
educated classes, but among the working classes also, and especially 
among the working classes of Europe. With them, however, the feel- 
ing is not necessarily an end in view, but a concomitant of their great 
struggle. The workingmen of Europe, organized under the banners 
of labor organizations and socialism, declare that their fight against 
capitalism is an international struggle, that the capitalistic régime is 
omnipresent and everywhere opposed to labor. 

Another obstacle to the establishment of a world state is the hostile 
attitude of the monarchical governments of Europe. Most of them 
are more or less jealous of their sovereignty and hate to have it eur- 
tailed in any way; they scorn being forced to arbitrate their disputes 
instead of fighting them out. This is not a mere assertion and can 
hest be illustrated by the attitude of Germany. At the Hague Peace 
Conference in 1899, the German delegates declared that arbitration 
was incompatible with the divine right of kings to rule. The Emperor 
William has openly manifested his opposition to a permanent court of 
arbitration. When it was proposed that the German-Venezuelan ques- 
tion be submitted to the Hague Court, William LI. proposed that the 
matter be left to President Roosevelt as arbitrator. But Roosevelt de- 


154 POPULAR SCIENCE MONTHLY 


elined and advised recourse to The Hague. <A world state implies 
republican government; it will necessarily be representative, not of 
monarchs, but of nations and peoples; this is not in harmony with the 
divine right of kings. But this opposition of the monarchs will not be 
insurmountable. If a strong sentiment in favor of arbitration or 
federation be manifested, the monarehs will very discreetly give way, 
as has been their wont in the past century. 

7. Conclusion.—This article has been merely an attempt to give an 
account of a tendeney, its history and characteristics. The informa- 
tion available is exceedingly scarce; what is available is rather scat- 
tered and isolated; the status and force of the movement at any given 
time are difficult to estimate; the very nature of the movement itself is 
vague and visionary, it seems too fantastic to be practical, the attempt 
seems premature; it is the work of idealists, of optimists; their efforts 
are naturally looked upon with suspicion and discredit by conservatives 
and realists. Nevertheless, idealists prepare the way for movements 
which quicken the pulse of humanity and which bring about reforms 
both small and great. -No person living to-day may ever see the estab- 
lishment of a world state with power to execute its laws. However, 
we have seen that part of the machinery of a world state has been con- 
structed and that other parts are in the proeess of construction. It 
may take decades before this world state will exercise any influence. 
But it seems no small accomplishment for an age to ereate the ma- 
chinery of a world state which mankind will use to good advantage 
when there exists a sufficiently strong feeling of the need for and de- 
sirability of such an organization. 

Too much must not be expected of this movement. The world 
state will not bring about immediate disarmament, but if it succeeds 
it will bring about compulsory arbitration; it will establish a state of 
law among the nations. The more disputes settled by arbitration, by 
judicial decision in accordance with laws passed by a world congress, 
the fewer will be the oecasions for war. If the need for war is de- 
ereased, armaments will be less necessary and possibly may be aban- 
doned. Inasmuch as an object so worthy may ultimately be attained 
by this now rather visionary movement, it at least merits our attention 
and sincere hopes for its ultimate success. 
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O words are more common in the mouths of orators than the 
phrases: The march of Progress—the growth of Civilization. 
When we say that the twentieth century is in advanee of the sixteenth, 
do we mean that it is so in each and every respect? Do we mean that 
men in general have now a keener feeling for art than in the age of 
Michel Angelo; a finer knowledge of justice than in the century of 
Socrates; deeper religious feelings than in the days of Wesley, or of 
St. Thomas Aquinas? 

It is not easy to answer such questions offhand in any large way. 
The modern feeling for art is perhaps more wide-spread, but certainly 
far less keen, than in the Italy of the sixteenth century. If we say that 
our sense of justice is finer than that of the Greeks who condemned 
Socrates to death, and of all the centuries before our own, how is it 
that successive generations of men have preserved the narrative of his 
last day with sacred care? What are we to say of the religious feelings 
of the day of Wesley compared with the ethieal efforts of the day of 
Felix Adler? It is clearly not easy to give answers of real import to 
questions of the sort. We need a better insight into the meaning to 
be attached to words like progress, civilization and the like. Defini- 
tions taken out of dictionaries will not answer. 

It has been my fortune, lately, to make a fairly thorough study of 
that wonderful renaissance of science which began in the days of Roger 
Bacon, in the thirteenth century, and to endeavor to connect it with its 
origins in Alexandria, its precursor in Mohammedan Spain and its 
successor in the century of Galileo. There is no space here to present 
even a summary of such a study,’ but it may not be out of place to 
give a few paragraphs which bear on the general and important ques- 
tion: how are we to measure progress ? 

In comparing the view-points of different ages with our own we 
continually meet with surprises. The uncritical attitude of the men of 
the thirteenth century towards miracles and wonders is little less than 
astounding to us. Our thought seems to be ages in advance of theirs. 
On the other hand, we often meet with an insight that has what we 


call the distinctly modern note. An instance from literature will 
illustrate: 
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A man’s character is his fate 

is a sentence that one would assign to Taine or to Stendahl in the nine- 
teenth century if one did not know it to have been written by Hera- 
clitus in the fifth century before Christ. In like manner, some of 
the scientific processes of Hipparehus, Archimedes and Roger Bacon are 
so ‘modern’ as to bring a glow of delighted wonder when they are 
met with. Their failure to draw certain conclusions that seem almost 
obvious to us is equally astonishing. A formal explanation of the 
differences and of the resemblances of ancient ages with our own might 
be somewhat as follows. We may suppose that a completely developed 
man of our day has educated his sympathies and intelligence to have 
outlets in a eertain large number of eee us say. in the diree- 
tons. By O wD. el cG cH edocs. le eNO, Boe, hace, TUN 
W, Xe Yan At is possible, liomever, ae some few of these outlets 
are absent, or nearly closed, E and O, for instance. The men of the 
eighteenth century may be supposed to have had fewer outlets, and 
those of the thirteenth still fewer; but the intensity and refinement of 
their sympathies in certain directions may not have been less, but far 
greater, than ours. The feeling of the thirteenth century for religion, 
and of the sixteenth for art, for example, were not only different in 
intensity, but very different in quality, from our own. 

When we make a formal comparison of our age with that of St. 
Thomas Aquinas and of Newton, the table might stand thus: 

ALB CD, & 5G, 1 Ske a Ne UP OER, ©, Ty a ee 
<x century. 

a, b, e, d, e, f, g, h, i, ays ae TS eke fh et eerie ain rentoec ee century. 

a, b, -, -, -— -, g, h, i, j, k, 1, m, n, 0, p, q, Ty .---- ee ee eee VIU century. 

Tf in a comparison of the thirteenth century with the twentieth 
our discourse is upon the matters A, B, C and D we may find their 
insights, a, b, ce, d, singularly like our own. ‘The case may be the 
same for the matters G, H, I compared with g, h, i. But if, by chanee, 
we are comparing their insight e with our absence of msight, or our 
X, Y, Z, with the blanks in their experience, we are astonished at the 
difference of outlook. 

This formal and unimaginative i}lustration may not be quite useless 
in clarifying one’s thought upon a matter easy to express in words 
and exceedingly difficult to realize. It is essential to admit the pres- 
ence of blanks in the experience of past centuries; and also the presence 
of insights npon fundamental matters which are astonishingly different 
in intensity and in quality from our own. The experience of the 
thirteenth century was handed onwards to succeeding ages; it could be 
understood by the ages near to it; words continued to mean in the four- 
teenth very nearly what they meant in the preceding century. But as 
ideas changed, the signs for ideas changed with them; and we must be 
constantly on our gnard lest we unthinkingly admit an old form as if it 
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had the new meaning. Consider, for example, what astrology meant 
to Roger Bacon and what it means to us. He had no diffieulty im 
reconciling the fateful influence of the stars with a scheme of salva- 
tion for men possessed of free-will. Words had different meanings to 
him and to us. Tis mind was conscious of no conflict between his 
religion and his science. His religion—that of the thirteenth cen- 
tury—is in absolute conflict with our science—that of the twenticth. 
This one example may stand as a type of many that might be brought 
forward. 

The Greek architects long ago discovered that a eylindrieal column 
looked at from a distanee would not appear to have its two sides 
parallel, but that on the contrary these two sides would be hollowed 
in, convex towards each other. A long colonnade of cylindrical 
columns would exaggerate the unbeautiful effect. The Greeks felt the 
lack of beauty and afterwards proceeded to discover a rule for making 
the outer surface of a column convex, so that a colonnade of convex 
columns would appear to the spectator to be comprised of eylindrical, 
or conical, surfaces, beautiful to the eye. This increase of the middle 
diameter of columns was called entasis. 

In the early part of the nineteenth century, an English architect, 
Mr. Penrose, visited the Parthenon, for the purpose of making accurate 
measurements of Its principal dimensions. What was his astonish- 
ment to find that something of the nature of entasis had been given by 
the Greeks to the arehitraves, cornices and other members of the build- 
ing. The long horizontal lines of the friezes were convexed outwards 
in order that they should not appear hollow to the eye. Other hori- 
zontal members were also conyexed in order that they should not ap- 
pear to tilt upwards. Similar measurements made on the Maison 
Carrée, at Nimes, demonstrated that like rnles were employed by the 
subtle architect for similar purposes. Measurements made on the 
temples of Egypt have shown that their floors are convexed in order 
that they may appear flat. 

The Egyptians, the Greeks and even the Romans were possessed of 
eves and senses so subtle that certain architectural devices were de- 
manded by them in all edifices designed to give high pleasure. The 
entire western world was ignorant of these devices until a couple of 
generations ago. With the destruction of Rome, even the traditions of 
these changes were lost, so that all the Gothic cathedrals of Enrope 
and every great building erected between the end of the fifth century 
and the middle of the nineteenth were constructed on geometrical lines, 
so to say, and not to satisfy the eye. 

Mr. Penrose’s discoveries were made with a foot-rule, not by a sensi- 
tive eve. They have borne fruit in our own time and in our own great 
citv. The beautiful brary of Columbia University is built on Greek 
principles. Let any one glance along the edge of one of the steps of 
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the main approach and determine for himself how far it departs from 
a horizontal line. Our eyes will soon come to demand such curved lines. 
Straight lines will soon seem hollow to us as they did to the Greeks. 
But, note the difference. We have come to our comprehension of such 
forms by literary, by archeological, by mensurational, steps, while it 
was a matter of feeling to the Grecks, or to their predecessors. Certain 
insights and sympathies of theirs have been atrophied in our ancestors. 
Can we say, then, that the appreciation of beauty is as keen with us as 
it once was to other peoples less ‘ progressive,’ less ‘advanced ’? 

Instantaneous photography has familiarized us with the various 
motions of the horse. The horses on the frieze of the Parthenon and 
in the paintings of the Renaissance are depicted in attitudes which are 
impossible. Because the horses of Mr. Frederick Remington’s pictures 
are recognized by us to be true to life, does this show a greater sense of 
the beantiful? We have gained our new knowledge by photographic 
and scientific methods, but can we say that our esthetic sense in this 
regard has become more refined? Is our analysis more subtle than the 
Greek synthesis ? 

We are all so used to the admission of the high sense of beauty 
of the Greeks that we consciously form our standards by what we sup- 
pose to have been theirs. We praise the classic purity of the Parthenon, 
not only the purity of its lines, but of its unbroken color—the native 
color of its marble. But in doing this we forget that the Greeks 
covered almost the entire surface of this pure marble with thick coats 
of color—parts with vivid blues and reds. A model of the Parthenon 
painted in its ancient colors seems erude to modern eyes. But are we 
to conclude that our sense of beauty of color is more keen and refined 
than that of the Greeks, our acknowledged masters? Is it true that 
the rains of centuries were needed to wash off colors carefully laid on 
by the builders so that it is only now, and to us, that the Parthenon 
finally emerges the one perfect building of the world? 

As with Greek buildings so with Greek statuary. We are used to 
praise the classie purity of their white marble gods and goddesses, for- 
eetting that the most famous statues were made of gold and ivory, 
enameled with images of animals and flowers, with metal bracelets 
and ornaments fixed to marble, or again painted in parts like the 
THfermes of Praxiteles or the Athene at Elis. The ears of the grave, 
serene and august Venns of Melos are pierced for metal ear-rings. 
To us she seems all-sufficing and stands alone. It is more than likely 
that the original statue formed a part of a group—Venus placating the 
wrath of Mars. Do we, in fact, at all comprehend what the Greeks 
meant to depict by their images of divinities? Would a Greek, return- 
ing to earth, in the least understand the interpretations of the. asthe- 
ticlans? Lave we then progressed hevond the comprehension of the 
men who made these marvels? Is it permissible to take refuge in that 
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when, in fact, 


fatnous phrase—they builded better than they knew 
‘they’ knew exactly what they were about, and possessed a consummate 
technique to express precisely what they ehose ? 

There is nothing more certain than that the Gothic cathedrals of 
Europe were built by arehiteets who knew their business and whose 
plans were definite and precise. The arehiteets’ drawings for some of 
these cathedrals are extant and even the builders’ model for one of 
them. It was intended that the towers of Notre Dame, for example, 
should be crowned with spires like those of the cathedral of Lichfield, 
for instanee. But circumstances of various sorts worked to prevent the 
completion of the spires on most of the great eathedrals, and they were 
left as towers, as at Notre Dame and on the front of York. Our own 
standard of beauty has been fixed by what we actually have seen, and 
if Notre Dame were now to receive lofty spires as a crown to its towers, 
most of us would find its beauty marred. Are we then to conclude 
that we, and not the architeets of old time, are the possessors of the 
truest standards? Shall we say that we comprehend the beauty of a 
Gothic eathedral better than the builder who designed it? 

It would be easy to extend comparisons from the material objects 
of art to the immaterial institutions of society, to eontrast our notions 
of justiee and of government with those of the ancients, for example. 
We are just as sure that all our social institutions are better than those 
of old time as we are that the towers of Notre Dame are more beautiful 
in their present unfinished state. But should we not pause before 
unthinkingly accepting either conelusion ? 

There is no member of a ladies’ culture club in the northwest who 
is not ready to declare that the very essence of elassic purity 1s to be 
found in the unpainted Parthenon or in an uneolored Venus, and 
equally sure that the constitution of the state of South Dakota con- 
tains the quintessence of political wisdom. TIlistory throws a doubt on 
the first conclusion and suggests that it may not be amiss to reexamine 
the last from time to time. ‘ Progress’ is something more than the 
difference between the state of affairs on a Tuesday, compared with 
that of any preceding Monday. The measure of progress is not the 
diserepancy between the inventories—moral or material—of one epoch 
and of a later one. There is no space here to attempt to say what a 
true measure of progress might be. but it should not have been quite 
useless to suggest that the measure in question is not so simple as we 
commonly assume; that the differences between races and epochs show 
retrogressions in many fields as well as progressions in many others. 
The lesson is simple—so simple that it may even be resented. Yet it 
is so difficult that there is no day that passes without a proof that it is 
not vet learned. 
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EFFECTS OF IMMIGRATION ON HOMICIDE IN 
AMERICAN CITIES 


By MAYNARD SHIPLEY 


i his recent report for the Bureau of Immigration, Commissioner- 

General Sargent again calls attention to the dangers arising from 
the inadequate immigration laws of the United States. He contends 
that the time has come when some more effective restrictions must be 
introduced than those that have so far obtained. Although protests 
against prevailing legislation on immigration have been heard for more 
than fifty years, real cause for alarm has, perhaps, existed only within 
recent years. The total number of immigrant arrivals had never ex- 
ceeded one half of a million during any one year previous to 1881. 
Since 1820, we have received 22,952,905 immigrants, an annual average 
of 269,798. During the fiseal year ending June 30, 1905, the total 
nuinber of aliens who entered this country (exclusive of Canadian 
and Mexican immigrants), was 1,026499, the largest aggregate of 
immigrant arrivals in any one year of our history. At this rate, we 
should receive during the next twenty years the same number of aliens 
that flocked to our shores during the past cighty-five years. As most 
of the newcomers of recent years have belonged to a class having neither 
trade nor profession, and as many of them are totally illiterate, it would 
seem that some very grave consequences must ensue as the result of 
their congestion within an area of a comparatively few square miles 
of the Atlantic seaboard. The attempt is now being made to transport 
many of them to those seetions of the United States which can more 
readily absorb them. In just how far the success of this movement 
would mitigate present evils the future alone can reveal. Meanwhile, 
the problems arising from the presence of these alien hordes ‘loom 
so largely in the prospect of our country, declares Mr. Sargent, ‘ that 
it may he said without giving just cause for the charge of exaggeration, 
that all other questions of public economy relating to things rather 
than to human beings shrink into comparative insignificance.’ 

The great danger from this increase of immigration, however, arises 
rather through the change in its character than from mere increase in 
munbers. Once recruited mostly from the United Kingdom. Seandi- 
nayia and Germany, the greater part of our immigrant population now 
comes from Russia, Poland, Austria-Hungary, Bohemia, Italy and the 
Baikans. During the decade 1881-90, the proportion of immigration 


EFFECTS OF IMMIGRATION ON HOMICIDE 161 


from the foregoing countries was about 20 per cent. of the total; during 
the ten years following, about 50 per cent. In 1902 these countries 
furnished about 71 per cent. of the total immigration, a proportion 
exceeded during the year just ended. 
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Fic. 1. DIAGRAM SHOWING CHANGING CHARACTER OF IMMIGRANT POPULATION 
INTU THE UNITED STATES 


The accompanying figure (No. 1) shows graphically the precipitous 
decline of immigration from northern Europe, the vast influx from 
southern Europe, the proportionate increase from all other countries, 
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and the deplorable rise in the ratio (per 100,000 of population) of 
deaths from homieide.* 

The figure below (No. 2) shows graphieally the source and extent 
of the annual immigration into the United States since 1880, the 
annual number of arrivals from Italy being given separately because of 
its special importance in the present inquiry: 

‘The reeords of our penal institutions prove that it is not the alien 
as such who adds unduly to the number of homicides in this country ; 
they show rather that the alarming increase in crimes of violence is 
due to certain particular elements of our immigrant population. 
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Fie 2. GRAPHIC CURVES SHOWING CITANGING CHARACTER OF IMMIGRATION 
INTO THE UNITED STATES, 


Among the nationalities represented in our prisons, the sad pre- 
eminence for murder belongs to the alien Mexican, 121 of whom are 
now confined for deliberately killing a fellow man, though their total 
number in this country hardly exceeds one hundred thousand. Among 
an equal number of alien Irishmen Jess than three have been con- 
vieted on the charge of murder, and of German and English immigrants 
not more than four in each one hundred thousand are held for this 
grave offense. Among Scandinavian aliens the ratio is still smaller. 
Next to the Mexicans, the Chinese are the most murderously inelined 
of any foreigners present. 65 m each one hundred thousand of their 


The curves of immigration show the per cent. cach group of race elements 
bears to the total influx of aliens; the curve for homieides shows the actual 
number of persons who met death by homicide in each 100,000 of the total 
population of the United States. The latter figures are based upon the 
mortality statistics of the Uiited States Census Reports. 
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nwuber being now held for murder. That there is danger in the 
vast increase of immigration from southern Italy is evidenced by the 
fact that of each one hundred thousand of alien Italians in this country 
50.2 are held for murder. There is no question here of race prejudice, 
as may be seen by the following diagram (Fig. 3). 

Unfortunately, the tendency of immigrants is to concentrate in 
large cities. The proportion of foreigners is about four times greater 
in the 161 cities of over 25.000 inhabitants than in the remainder of 
the country; hence the relation of increasing immigration to the in- 
crease of crimes of violence can 
he best studied through the police See 
records of large cities. Naturally, peel at bade bhatt 

ae : itis Haid a a 
such a task is fraught with many HE Hu 2 He TE HE 
difficulties, owing to the want of FER Gicaeaee. 
adequate data. By confining the Seat 
scope of the present inquiry to the 
effect of immigration on crimes 
involving the loss of human life, 
and by comparing prison statistics 
with the reports of chiefs of police. 
sheriffs and health officers, many 
obstacles, insuperable in any study 
of wider scope. are avoided. 

As the records of our penal in- 
stitutions show which elemenis of 
our foreign population are most 
given to homicide. those cities 
should have the higher ratios of 
arrests for homicide which con- 
tain the greater proportions of 
aliens from the countries shown 
in the figure to produce the 
greater proportions of murderers 
gut there are inany disturbing FIG. 38, TABLE SHOWING NUMBER OF 

Sons ‘ iS FOREIGNERS HELD FOR MURDER IN AMERICAN 
factors to be reckoned with, chief of — pewat ixstirurioss, WITH THEIR RATIO PER 
whiclisis thespresence anti -of “res SOReLA MoS. 
our cities of large numbers of a soeially inferior race of native-born 
citizens, the negroes. The United States Census Report on Crime, for 
Iss0, shows that the tendency among negroes towards crimes against 
the person was 100 per cent. greater than among the native whites. 
The report for 1890 shows that the negroes had been convieted of three 
times more homicides in proportion to their number than had the 
foreign whites; whilst as compared with the native white population 
they appear to have been about six times more murderous. Nearly two 
thirds of the prisoners charged with murder were in the south. 
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Capable as many of the better-conditioned blacks are of attaining 
all the virtues of the average white citizen, and, in some instances, of 
transcending them, the American of African descent is, on the whole, 
fulty as prone to homicide as are the native Indians, whose savage 
eruelty he does not hesitate, when excited by the lust for blood, to 
emulate. In Lexington, Kentucky, for instance, where 38 per cent. of 
the population are negroes, 13 per cent. of whom are illiterate, the 
annual average of arrests for murder and manslaughter during the 
four years 1901-04 was 40.07 per one hundred thousand of inhabitants, 
the highest ratio of any city of which statistics covering more than one 
year are available. Only 3.5 per cent. of the population are of foreign 
Lirth, hence the great number of homicides implied by these figures 
can not be attributed to the immigrant population. 

On the other hand, in cities where the proportion of negroes is 
small, the higher ratios of arrests for homicide correspond with the 
higher percentages of immigrants from certain countries. Other things 
being equal. the lower ratios prevail where the foreign element is from 
northern Europe, and the higher ratios are seen where the foreign 
element is from the countries shown above to produce the emigrants 
who are most given to crimes of violence. 

The following table shows the ratios of arrests for homicide per 
one hundred thousand of population in various cities, for the years 
1880, 1890, 1900, and the annual average ratios for the last two or 
more years.” 

Referring to the last two columns of the table above, it is seen that 
despite the fact that San Francisco has but a very small negro popula- 
tion (only 0.5 per cent. of the total inhabitants, in 1900), the annual 
average ratio of arrests for homicide is greater than in Louisville, 
Kentucky; or in Charleston, South Carolina, where the negro popula- 
tion is relatively large. This corresponds with the fact that San 
Franeisco has a large number of Chinese (about 16,000) in her popula- 
tion: a large proportion of Italians (7.508. in 1900); about 1,500 
Mexicans. and a large proportion of foreign born from various countries 
other than Seandinavian, Teutonic and Anglo-Saxon. 

The latest report of the Sheriff of San Francisco County shows that 
of the prisoners committed to the county jails during the fiscal year 
ended June 30, 1904, 70 per cent. were of foreign birth, while the 
proportion of foreign born in the total population is about 34 per 
cent. 


The proportion of homicides commiticd would, of course, serve more ac- 
curately as an index of relative criminality, in respect to the crimes of man- 
slaughter and murder, than would the number of arrests therefor. The 
former statistics not being available in many instances, the latter have been 
used as a basis for the present study. The writer's thanks are due the many 
chiefs of police, and others, who have so kindly assisted him in procuring the 
statistics of arrests for homicide in the various cities mentioned in this study. 
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TABLE I. 


Annual average per 


City. Year ISSO. Year 1890. Year 1900. 100,000 for the. Period. 
San Jose, Cal. 15.91 DOLE 
Springtield, TH. 48.07 
Youngstown, O. 0,10 ; 
Lexington, Ky. 12.00 2.18 | 40,07 1901-04 
San Franeiseo Ley. ||| Mes | 5200 19.69 1899-03 
Kansas, Kan, 18.27 | 17.64 1904-05 
Louisville, Ixy. 16.16 | 17.09 17.41 1900-05 
Charleston, S.C, 1 .00 | 9.0 16.12 1901-04 
Trenton, N. J. Wat 
New York 3.06 6.75 IS.1- 15.25 1898-03 
New Orleans Rag: 4 are) 
St. Louis | 7.03 11.30 1904-05 
Omaha, Neb. | 10 | LOR 1yo1-04 
Cleveland, O. 13.01 0,56 1903-04 
Atlanta, (ra. 9.15 
Chicago, II. ks) 4.45 | 9.50 1904 
Memphis, Tenn. 950 | 
Newark, N. J. 1.46 1.10 6.90 16 Ts99-04 
Denver, Col. | Se 1903-05 
saltimore, Md. 6.90 8.21 7.74 1898-03 
Des Moines, fa. 13.58 908 7.65 1901-04 
Bridgeport, Conn. 3.61 S.18 
Jersey City 8.28 7.56 
Richmond, Va. 7.37 
Cineinnath, ©. 6.66 4.04 f.20 6.00 1898-04 
Hoboken, N. J. 6.45 6.94 
Washington Pine 6.09 5.40 1902-04 
Los Angeles, Cal. | 13,88 4.86 1901-04 
Springtield, Mass, Sf ue? 
Philadelphia 0.76 2.74 4.93 Tsoo-04 
Indianapolis 4.7 
Patterson, N. J. a9] PF 4.51 — 1901-04 
Savannah, (ra. 4.63 
Hartford, Conn. 13.15 Ty 1401-04 
Baflalo, N.Y. 2.60 3.92 2.93 1902-04 
New Haven 1.59 at 4.16 | 1801-04 
Seranton, Pa. Y.1S 2.65 
Albany, N.Y. 10 
Boston 1,93 T33h) af 1.98 1904-05 
Milwaukee, Wis. O86 O97 1.0, Lae 1898-04 
Providenee O05 Le 170 | 1901-04 
Rochester pais O74 0.00 1.58 1900-03 
Minneapolis ws O4N | 104 
St. Paul 150 


RATIO OF ARRESTS FOR HOMICIDE PFR 106.000 oF PorpULATION IN Vartous CITIES 
OF THE UNITED STATES.* 


The table following, compiled from the mortuary statistics of San 
Francisco, shows how large a proportion of the homicides committed 
occur among foreigners : 


*'Phe annual average ratios of arrests for homicide during the last period 
given are based upon the population statistics of 1000. Due allowance must 
therefore be made for increase of inhabitants in some cases. 
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TanLe JI. 


Total Number of Certain Classes killed. 


Year, @ — nas 
k RODE INES. Foreigners. Caucasians. Mongolians. Unknown. 

1884 an 15 15 8 

1890 2s 15 24 4 

Tsyl 24 16 18 6 

1802 25 | 19 14 4) 

1895 2) | 12 15 7 

FOO2 : 45 17 3 12 

1905 | 46 19 24 11 1 


NUMBER OF HOMICIDES REPORTED BY THE TIEALTI OFFICER OF SAN FRANCISCO, 
DURING THE YEARS GIVEN. 


The figures above show that of the 199 persons who met death by 
homicide in San Francisco during the five years 1889-93 and the two 
years 1902-08, 111, or 55.6 per cent.. were of foreign birth, while the 
total foreign born of the city form but 54.1 per cent. of the population. 
The undue proportion of murders among the Chinese is easily appre- 
ciated when it is stated that the Mongohans comprised 28.6 per cent. 
of the number who met death by homicide, while they form Jess than 
6 per cent. of the population. The mortality statistics of San Francisco 
show that during the twenty-five vears 1872-97, there were 469 Chinese 
murdered, an annual average of 18.76. From these figures it may 
readily be seen that the very high ratios of arrests for homicide in San 
Franciseo are largely attributable to her alien Chinese population. 
Consulting the District Attorney’s Report for 1897 (a report which 
happens to be available), I find that 41 per cent. of the charges filed 
for murder and manslaughter during that vear were against Chinese. 

The table following shows that the annual proportion of arrests 
for homicide and atiempts at murder has varied but little during the 
years given (omitted years imply missing or unavailable reports). 

That the ratio of arrests for homicide has not grown larger in San 
Francisco concurrently with the general inerease of immigration from 
southern Europe, coincides with the fact that the proportion of Chinese 
in that city is growing smaller, and that the great influx of European 
aliens has not vet affected the Pacific coast to any considerable extent. 
Of the 1,025,000 tmmigrants who landed on our shores during the 
fiseal vear ending June 30, 1905, at least 76 per cent. went into New 
York. Massachusetts, Pennsylvania, New Jersey, Ohio and T)linois. 
Only 451.571 were destined for the west, and but 46,348 for the sonth. 

This tendeney of the alien to congest in the great manufacturing 
cities of a few eastern states is gradnally reversing the order of condi- 
tions heretofore existmg. Twenty years ago the population of Pacific 
coast cities was much more largely foreign born than at the present 
time, while in the cast the percentage of foreign horn in urban com- 
munities is increasing. Ten and twenty years ago, as may be seen 
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Tape III. 


Murder. Attempts at Murder. Manslaughter, 
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TR80 285,959 25 1.25895 0 13- valet V2 0.0855 
Ss] 240,462 22 O.N149 116 4.8240 [2 0.4991 
T8838) 258,470 25 O.N074 87 Ditieoe ee 0.8679 
T885) 260.478 385 10 2) 1.8184 1060 58 58 BLOTTT PA) 28 1 0.9006 
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S98 8121820 80 oT) 19) O.6T 92 54 388 20474 11 6) 5 0.1922 
Wf S16,51] S4 18 2b L07d2 107 67 50 38806 19 15) 4 OL4739 


1895 REO,S8O 20 aieoar 1188 3.8010 21 0.0544 
186 8P5,208 82 0.9838 131 4.0274 17 0.5226 
S97 8P9,646 26 O.7S87 OF > 425 17 0.5157 
1900 842,782 | 41 1.1961 104 3.0380 45 1.3128 
Wo] 847,161 19 0.5473 110 3.1685 86 1.0360 
19020 3G0,000 29 0.8056 44 

1903 2] 49 

104 450,000) 48 1.0666. 52 1.1556 


1905 467,500 


San FrRanctsco PoLice-courT REcorp—1874-1904. 


by Fig. 4, murders were far less frequent in proportion to popula- 
tion in eastern cities than they are now. In the west the reverse is 
true, beeanse the immigration from southern Europe has had little 
influenee on the growth of Pacific coast cities. In Tos Angeles, where 
the proportion of native born of native whites is exeeeded by only four 
eities (of 100,000 or over) in the United States, the ratio of arrests 
for homicide has greatly diminished, falling from 15.88 per 100.000 of 
inhalitants in 1890. to an annual average of 4.56 during the four years 
1901-04. 

Passing now to the Atlantic seaboard, we find in the city of 
Newark. New Jersey, a conspienous exainple of the effect of immigra- 
tion on homicide in a eity which owes much of its recent growth to 
alien settlers. In 1900, 29 per cent. of Newark’s population was 
foreign born, the foreign-horn Ttaliaus alone numbering 8,537, since 
which year this element of her population has greatly increased. 

In 1880, when the Itahan population of Newark was very small, 
the ratio of arrests for homicide was but 1.46 per 100,000 of inhahbit- 
ants; in 1890 the ratio was even lower, heing 1.10 per 100,000. of 
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population. During the decade following, the immigration from lialy, 
Poland, Russia, Austria-Hungary and the Balkans greatly increased, 
and Newark got her full share of all these elements. The police re- 
ports of the period following show an increase in the ratio of crimes of 
violenee in general, while the ratio of arrests for homicide in 1900 
was five times greater than in 1890. That this great inerease was not 
merely the result of an unusual year is shown by more recent statistics. 
The annual average ratio of arrests for homicide in Newark for the 
six years 1899-1904 was 9.16 per one hundred thousand of population ; 
this is on the basis of the population of the census of 1900, more 
recent statistics not being available. 

In New Haven, Connectieut, where the Italian population has 
greatly increased since 1890, the ratio of arrests for homicide has 
about doubled during the past six or eight years. In 1880, the ratio 
of arrests for murder and manslaughter in that city was 1.59 per 100,- 
000 of inhabitants; in 1890, 2.46; and during the four years 1901-04 
there were 4.16 arrests per 100,000 of population on the charge of kill- 
ing a fellow man. This ratio is still quite low, compared with some 
cities of the east, but the increase is very significant, especially in view 
of the fact that the second generation of foreigners is always more 
eriminally inclined than the first. 

The relation of immigration to the proportion of crimes of violence 
in urban counties is well exemplified in the various large cities of the 
Empire State. 

In the eity of New York, with its million and a half of foreigners, 
constituting as they now do more than 37 per cent. of the total popula- 
tion, and nearly half of whom are from countries other than those of 
northern Europe, we find very favorable conditions for a comparatively 
high ratio of erimes of violence. Consulting the police statistics of 
New York City, I find that the ratio of arrests for homicide has in- 
creased more than fourfold since 1880, rismg from 3.6 per 100.000 
in that year, to 6.7 in 1890, and 13.12 in 1900. The annual average 
ratio for the six years 1898-1903 was 13.23 per 100,000 of inhabitants. 
There are no statistics available showing the proportion of these homi- 
cides which were committed by New York’s immigrant population. 
Many of the journals of the great metropolis charge the Italians (of 
whom there are now about £00,000 in that city) with a large share 
of the murders committed; and when it is considered that, as shown in 
a preceding table (No. IL.), one out of every 1.906 Italians in this 
country is held for murder, it is apparent that the charge is not without 
foundation. Some idea of the problems arising from such a vast influx 
of aliens as the past few years have witnessed is derived from the 
records of New York's Children’s Court. Of the 7.647 children 
arraigned during the year ending December 31, 1904, more than half 
were born in Italy or Russia or of parents born in those countries. 
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“ Practically all of the material brought into the Children’s Court,” 
says Mr. Coulter, “is a gift from Europe.’* 

Passing now to the cities which have received few immigrants from 
southern Europe, we find that the ratios of homicides have changed very 
hitle, and that they are uniformly low. 

In the city of Buffalo, where at least 73 per cent. of the foreign 
born population are from northern Europe, the ratio of crimes of 
violence has remained almost stationary for thirty years. In 1880 the 
ratio of arrests for homicide was 2.60 per one hundred thousand of 
inhabitants; in 1890, the proportion was 3.52; while the annual average 
for the three years 1902-04 was 2.93. 

In Rochester, where 85 per cent. of the foreign-born inhabitants are 
from the United Kingdom, Canada, Germany and Scandinavia, homi- 
cides have decreased relative to the population, the ratio of arrests 
for murder and manslaughter being, in 1880, 2.23 per one hundred 
thousand of population; in 1890, 0.74; while the annual ratio for the 
four years 1900-03 was 1.22. 

In Syracuse, where 77 per cent. of the population are native whites, 
and where about 82 per cent. of the foreign-born are from the coun- 
tries of northern Europe, but six cases of homicide have come under 
jurisdiction of the police department during the past fourteen years. 

Passing south now to the Quaker City, we find that an arrest for 
homicide in Philadelphia, fifteen years ago, was of very rare occurrence 
(0.76 per 100.000 of inhabitants in 1890). Since that time the popula- 
tion of Philadelphia has increased hy about 250.000, a large proportion 
of which angmentation has been the result of the inereased immigra- 
tion from sonthern Europe. Of the 295.540 foreigners in Philadelphia 
in 1900. 197-830 were: born’in. Italy. -7.55£ in Poland's 28.951 were 
natives of Russia, while 8,209 were born in Austria-[[ungary or Bo- 
hemia; aggregating in all, from these countries, 62.544 immigrants of 
a much lower type, industrially and edneationally. and. by inference. 
morally, than formerly migrated to this eountry. The results are 
shown in the records of the police courts. the ratio of arrests for homi- 
cides having inereased fourfold sinee 1890. the annual average for the 
six years 1899-1904 being 4.95 per 100,000 of inhabitants. 

That erimes of violence increase with the changing character of the 
nmmigrant population is shown clearly by the police statistics of the 
cities of Cleveland and Cincinnati. In the former city the annual 
average of arrests for homieide during the two vears 1905-04 was 9.56 
per 100.000 of population. In Cincinnati the average for the six years 
1898-1904 was 6.25.5 Jn 1890 the disparity was still greater, the ratio 
being 4.04 in Cineinnati, and 13.01 in Cleveland. The annual average 


4° Alien Colonies and the Children’s Court,’ North American Review, No- 
vember. 1904. Vol. 179, No. 5, 
®The average for the same period in Cleveland is not available. 
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of arrests for murder and manslaughter in Cincinnati during the 
nine vears, PSs. L890 and 1898-100L (as shown in the foregoing 
table), was 5.56; for Cleveland during the three years for which statis- 
ties are available. the annual average was 10.71 per 100,000 of in- 
habitants. The eanses of this disparity may readily be found in the 
relative character and proportions of their foreign population. The 
United States census for 1900 shows that whereas in Cineinnati 35 
per cent. of the inhabitants were native-born of native parents, in 
Cleveland only 23 per eent. belonged to this class. In Cleveland the 
forergn-born formed 46.1 per cent. of the population; in Cineinnati but 
17.8 per cent. were foreigners. It is also worthy of notice, in this con- 
nection, that whereas abont 37 per cent. of Cleveland’s foreign-born 
population were from southern Europe, in Cinemnati the same coun- 
tries furnished only about 11 per cent. of the foreign-born inhabitants. 
In 1905, 15.65L immigrants settled in Cleveland; and during the 
same year there were 23 murders, 54 stabbing affrays, +5 shooting 
affravs, 56 eutting atfrays, wile 151 persons were assaulted. In 1904, 
over seven thousand immigrants arrived and settled m Cleveland, 
among whom were 1464 Italians, 1,098 Iungarians, 1,637 Poles, 826 
Russians. 500 Slavonians, 135 Roumamians and 50 Croatians. During 
this year there were 30 stabbing affrays, 51 shooting atfrays, 6 murders, 
91 cutting atfrays, and 121 persons assaulted. As to how many of 
these crimes were perpetrated by foreigners is not given in the police 
statistics, but in his report the Chief of Police remarks that—‘* While 
the records show a large number of the arrested to he of foreign birth, it 
by no means follows that our foreign-born element is a eriminal 
element, bunt that our eity is a cosmopolitan one and our extensive 
manufacturing interests have drawn a large laboring class to the city.” 
In the report of the Chief of Police of Cincinnati, the number of 
foreign-horn among those arrested is given. ‘The report for 1904 shows 
that among the 7,135 white persons arrested in Cincinnati, 4437, or 
G4.04 per cent. were foreigners, though the foreign-born in that city, 
in 1900, formed nt 18.61 per cent. of the white population. The 
total number of persons arrested for murder during the vear was 31. 
In respect to other offenses, GS were arraigned for ‘cutting with intent 
to kill’; 49 were arrested for ‘shooting with intent to kill’ 
There were also 146 arrests for ‘cutting’ and 61 for ‘shooting’ a 
fellow man (with what ‘intent’ in these cases is not stated). While 
a large proportion of these erimes of violence were undoubtedly com- 
mitted by the foreign whites, it must also be taken into consideration 
that Cineimnati has a large negro population, numbering, m 1900, 14,- 
482: and that while they conprised but 4.4 per cent. of the total 
population, the mmnher of negroes arrested during the vear numbered 
2,822. or 19.60 per cent. of the total population of the city. 

In the table given ahove showing the ratio of arrests for homicide 
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in various cities, per 100,000 of population, it appears that the pro- 
portion of crimes of violence has not inereased in Cincinnati during 
the past twenty-five years. he following figures show that they have 
at least inereased in muinbers. The police-court records show that 
during the twenty-one vears 1584-1904. there were 335 arrests for 
murder in Cineinnati, an annual average of 15.95. During the ten 
years 1895-1904 the annual average was 17. The annual average for 
the four vears 1901-04 was 21. 

In Minneapolis, where nearly 90 per eent. of the foreign-born 
population are from northern Europe. and where there are neither 
Chinese, Itahans, nor negroes, homicides are proportionately rare, the 
ratio of arrests for murder and manslaughter being in 1880, 2.15; and 
m 1904 less than one per one hundred thousand of inhabitants. In 
Milwaukee. where over 60 per eent. of the forcign population are Ger- 
mans, the annual average ratio of arrests for homicides during the 
seven years 1898-1904 was 1.77 per one hundred thousand of imhabit- 
ants. This is more than twice the proportion occurring in Minneapolis ; 
ut Milwaukee has about twice the proportion of immigrants from 
southern Europe that Minneapolis has. Im 1880, when there were 
eomparatively few immigrants in Milwaukee from Italy, Poland. Russia 
or the Balkans. the ratio of arrests for homicides was 0.87 per one 
hundred thousand of population, and. as late as 1890, the ratio was 
Lis ea eS ee 

Although there is no city in the state of Nansas ranking in popula- 
tion with the cities here studied, for the sake of its instruetive example 
the city of Kansas. as the largest eitv in the state, may be given 
spectal mention. During the two vears ending October 31, 1905, the 
annual average of homicides (not the number of arrests therefor) 
was 17.64 per one hundred thousand of inhabitants. An imaquiry ad- 
dressed to Chief-of-Police Vernon .J. Rose, evoked the reply that at 
least four fifths of these homicides were committed hy the immigrant 
and negro population, who comprise, together, over 25 per cent. of the 
total population of the city. About 40 per eent. of the 9,000 emplovees 
of the six great packing houses are natives of Russia, Greece, Poland, 
Croatia, Bulgaria and Hungary, and Chief-of-Police Rose states that 
it is among these * Bohunks* (the local term which comprehends these 
races as a group) that nearly all of the homicides among the whites 
oceur. 

In Providence (R. 1.), where the Italians comprise more than ten 
per cent. of the foreign population, and where 58.1 per cent. of the 
total inhabitants are of foreign birth. the ratio of arrests for homicide 
is Jower than in Boston. the annual average of arrests for homicide 
in Providence being, for the four vears 1901-04, 1.70: and for Boston 
(during the two vears 1904-05) 1.98 per one hundred thousand of 
inhabitants. But in Rhode Tsland, as a whole, the proportion of 
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population held for homicide is greater than in Massachusetts, the 
ratio for the former state bemg 0.57 per one hundred thousand of 
inhabitants, and for the latter 0.39. In Rhode Island the Italians 
comprise 11.58 per cent. of the convicts held for homicide, and but 
2.09 per cent. of the total population. In Massachusetts the Italians 
form but 1 per cent. of the total population, and 26.1 per cent. of 
ihe convicts held for homicide. 

Next to Nevada, Colorado has the highest ratio of deaths from 
violence of any state or territory in the continental Union. But the 
ratio of arrests for murder and manslaughter in her chief city, 
Denver, is comparatively low, the annual average ratio for the three 
years 1903-05 being 8.21 per one hundred thousand of inhabitants. 
It is a significant fact that there are but five cities of her class in the 
United States which have a larger proportion of native white inhabit- 
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Fic. 1. PER CENT. WHICH THE TOTAL NUMBER OF PERSONS OF BOTH SENES ENGAGED IN 
MANUPACTURING AND MECHANICAL PURSUITS PROPER AND IN MINING AND QUAR- 
RYING BEARS TO THE TOTAL NUMBER ENGAGED IN GAINFUL OCCUPATIONS, BY 
STATES AND TERRITORIES, 1900, (States and Territories are given in the 
order of their progressive criminality in respect to homicidal crimes. ) 
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ants born of native parents. Only 19 per cent. of Denver’s population 
are foreign born. 

The question may well be raised: Why has the state of Colorado so 
high a ratio of deaths from violence (52.5 per one hundred thousand of 
population), and Denver so few arrests for crimes of violence? It 
may be replied that homicide is not naturally frequent in urban com- 
munities, but prevails in sparsely settled regions, or in mining dis- 
iriets. In general, homicides decrease as the proportion of persons 
engaged in manufacturing increases, and increase as the proportion of 
persons engaged in mining inereases. 

The figure above illustrates this principle, the states and _terri- 
tories being arranged aceording to the annual average of deaths from 
homicide during the deeade 1890-99, the District of Columbia having 
the smallest number of deaths from violence, and Nevada the highest 
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Fic. 5. SCALE SHOWING PER CENT. OF FOREIGN-BORN POPULATION (from Northern Europe, 
United Kingdom, Norway, Sweden, Denmark. Germany), and from the Dominion 
of Canada, by States and Territories, arranged according to their pro- 
gressive criminality in respect to annual average homicides 
committed therein during the decade 1800-1899, 
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ratio per one hundred thousand of population. (The ratios were com- 
puted on the basis of statistics of crimes of violence compiled and 
published by the Record-Herald, of Chicago.) ‘The white bars show 
the proportion of the population who, according to the United States 
census for 1900, were engaged in manufacturing pursuits, and the 
black bars indicate the pereentage engaged in mining and quarrying: 

tt will be observed that Pennsylvania and West Virginia are the 
only states in the Union which are engaged extensively in mining, and 
yet have a comparatively low ratio of homicides. This is largely due 
to the fact that the mining districts in these states are adjacent to weil- 
populated and comparatively cultured communities, whereas in the 
West, the mines are situated in states or territories which contain few 
or no Jarge cities, and wherein the rural population is of a rather low 
order. Colorado, for example, has but one large city, and is one of the 
five most sparsely settled states or territories of the (continental) 
Union; whereas Pennsylvania, on the other hand, has more towns of 
over 4,000 population than any other state, givmg it the highest per 
eent. of urban population of any commonwealth in the Umion with the 
exception of New York. Again, whereas West Virginia has 38.9 
persons to the square mile, Nevada has 0.£.° 

Consistently with all that has herein been stated, we find the greaier 
percentages of foreign-born who are most given to crimes of violence in 
the very states shown to produce the greater proportion of homicides, 
and most of which are engaged most extensively in mining, as may be 
seen by comparing Fig. 7 with the one preceding. 

Not wishing needlessly to multiply examples and evidences, it may 
be said in conclusion that. however desirable the hundreds of thousands 
of ignorant immigrants annnally landed on our shores may be from 
an economie standpoint, as ‘much-needed laborers,’ or, however chari- 
tably we may personally feel toward the hordes of hapless human 
beings who seek to better their condition by coming to this land of 
freedom and opportunities, such a vast addition of untutored and 
poverty-stricken people, unused to self-restraint, can not be absorbed 
without a material inerease in crimes of violence throughout the United 
States, and especially in the large cities. where the recent immigration 
has for the greater part congested. It is to be hoped that the evidences 
of the Children’s Court of New York City, and of police statistics in 
general, are symptoins rather of conditions to he remedied than of 
evils destined to grow more portentous. 


°The Report of Warden C. E. UWaddox, of the West Virginia State Peni- 
tentiarv, for 1903-04, shows that the five counties in whieh mining industries 
predominate, with a total population of 139.812, sent 419 persons; while 
sixteen other eountics, whose population is engaged in agriculture or other 
equally stable pursuits. numbering in all 205.175 persons, are represented by 
28 conviets. In the mining counties one person in every 333 was sent to the 
penitentiary; in the sixteen counties mentioned, one in eaeh 7,327 of popula- 
tion was sent to prison—a differenee as great as 300 is to 13. 
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THE STUDY OF THE VARIABLE STARS 


By PROFESSOR SOLON IT. BAILEY, 


HARVARD COLLEGE OBSERVATORY 


HE aneient philosophers taught that the celestial bodies were ‘ in- 
- corrnptible and eternal,” not subject to change, as are all ter- 
restrial objeets. In more recent times the stars were regarded merely 
as convenient points of reference for the determination of the motions 
of the planets. In this way they became known as the fived stars. 
Relatively, they are indeed fixed; absolutely, all are in motion. Their 
light remains constant, also, for the most part, so that, if Tipparehus 
or Ptolemy shonld come back to earth after 2.000 years, he would 
probably notiee few changes in the positions or brightness of the stars. 
Any one who observes the sky earefully, through a period of vears, 
is sure to be deeply impressed with the absenee of change. Neverthe- 
less, there are many stars which undergo more or less regular changes 
in brightness, and such objects are known as variable stars. In some 
cases the whole eycle of change takes place within a few hours, while in 
other eases it consumes months. or even years. The amount of the 
variation, also, varies enormously, ranging all the way from zero to 
many magnitudes, how many is not known. It is possible, even prob- 
able, that at minimum the light of some variable may, for us at least, 
be entirely extinguished. Mr. J. A. Parkhurst found that the variable 
V Delphini was invisible at its minimum of 1,900 in the forty-ineh 
refractor of the Yerkes Observatory. This, it is estimated, would 
make it fainter than the seventeenth magnitude. Since its hght at 
maximum is of about the seventh magnitude, this implies a range of at 
least ten magnitudes. Other stars vary as much or more. <A change 
of ten magnitudes means that at maximum its light is 10,000 times 
as great as that at minimum. ‘To illustrate this we may imagine a 
room illuminated by 1,000 ten-candle power electric lamps, and that 
these are replaced by the hght of a single candle. To reduce the light 
of our sun by ten magnitudes would be equivalent to inereasing its 
distanee 100 times, or to more than 9,000,000,000 miles. At such a 
distanee its apparent size would be less than the present mean size of 
Jupiter or Venus. Fortunately our sun, if a variable star as seems 
probable, has a small range of variation, 
The general problem of variable stars may be divided into three 
parts—the discovery of the variables. the observation of all the phe- 
nomena involved, and the search for the causes. The present genera- 
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tion, thanks to the powerful aid of photographic methods, may hope 
to bring near completion the first part of the problem, and to make 
good progress on the two remaining portions. 

The existence of a variable star was probably first recognized by 
Holwarda of Franeeker, in 1659. The number was slowly increased, 
and some knowledge of their nature learned during the next iwo cen- 
turies. Their observation was placed on a scientific basis through the 
labors of various astronomers, especially Argelander and Schonfeld. 
The latter astronomer issued, in 1865, a catalogue of 113 variables, and 
later, one of 165 variables, which included all stars then known to be 
variable. ‘The list was enlarged, in 1883, at the Harvard Observatory 
by the addition of forty-eight variables. In 1888 Dr. 8. C. Chandler 
published his first catalogue of variable stars, 225 in number, which had 
been discovered by some thirty different observers in various countries, 
by visual methods. Many of these observers have continued their in- 
vestigations till the present time—the most successful in the line of 
discovery being Dr. T. D. Anderson, of Edinburgh, who by visual 
means alone has found forty new variables, a result truly remarkable.* 

About the year 1889, however, began a rapid increase in the number 
of variables through the introduction of photographic methods. The 
first notable addition was made by Mrs. Fleming, through the examina- 
tion of the photographic spectra of the stars, while engaged in the 
work of the Henry Draper Memorial, a research carried on at the 
Harvard Observatory under the direction of Professor EK, C. Pickering. 
By means of an objective prism, placed in front of the lens of a photo- 
graphic telescope of large aperture and short focal length, photographs 


* A}though the subject of variable stars is now under investigation at many 
observatories, there is still a wide field in this Hne of research for amateur 
astronomers. TH is true the lHght-eurves of many variables are now fairly 
well known, but new ones are constantly being discovered, the study of which 
offers an interesting field of investigation. It is necessary, in order to aecom- 
plish results of scientific value, that the observations be made, not only with 
enthusiasin, but with an intelligent conception of the future use to whieh they 
must be put. The observations need to include only two things, a reeord of the 
time, and the most precise determination possible of the brightness of the 
variable. The estimate of magnitude is usually made by referring the light of 
the variable to that of one or more adjacent stars, whose light is constant. For 
this purpose a series of adjacent comparison stars is selected, forming a se- 
quenee from bright to faint stars, and their brightness is carefully determined. 
It is very important that these magnitudes be reduced to the photometric scale. 
For identification of the stars the star eharts of Father Hagen are admirable. 
Marked photographs are also extremely useful. 

The discovery of new variables offers, perhaps, a line of work even more 
fascinating than the investigation of the peculiarities of those already found. 
Brilliant work has been done in this direetion by amateurs, but at the present 
time much more ean be accomplished by photographie than by visual means. 
Among those who have done work of special value, in this country, may be 
mentioned Chandler, H. M. Parkhurst, J. A. Parkhurst, Sawyer and Yendell. 
Abroad, the number of amateur observers is large. 
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were obtamed which showed well the characteristics of scores of speetra 
on a single plate. Variable stars of long period were found to have 
spectra in which the hydrogen lines were bright, when the variables were 
near maxinun. By taking advantage of this spectral peculiarity Mrs. 
Fleming has been able to * pick up, as a by-produet of other investiga- 
tions concerning stellar spectra, some 200 yariables of long period. 

In 1805, the writer, while engaged in photographic work at the 
Arequipa Station of the Harvard Observatory, began an examination 
of photographs of the globular clusters of stars. By the use of im- 
proved devices for controlling the motion of the telescope, satisfactory 
photographs were obiained of the dense globular clusters. An ex- 


THE GLOBULAR CLUSTER, w CENTAURI, CONTAINING 128 VARIABLE STARS. To the naked eye 
this cluster appears as a single hazy star of the fourth magnitude. 


amination of these led to striking results. It was found that while 
certain clusters contained few or no variable stars, other similar 
clusters were closely packed with them. Messier 3, a faint group, 
barely visible as a hazy star to the naked eve, was fonnd to contain 137 
variables out of 900 stars examined, or about one in every seven stars. 
This is by far the greatest proportion of variables yet found anywhere 
in the sky. Over 500 variable stars have been fonnd so far in dense 
globular clusters, and. undoubtedly, these do not entirely exhaust the 
number, 

Madame LL. Ceraski, wife of the director of the astronomical ob- 
servatory ot Moscow, has found a large number of variables by an 
examination of photographs made by M. Blajko, of the same observa- 

VOL, LXIX, — 12. 
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tory. Madame Ceraski has been especially suecessful mn finding vari- 
ables of the interesting Algol type. Of sixty-seven variable stars dis- 
covered by her, no less than ten are of this class. This is remarkable 
when we take imto consideration that of over 3,000 variables now 
known only thirty-eight are of the Algol type. 

Through her gencrous gifts in aid of astronomical researeh, the 
late Miss Catherine W. Bruce, of New York, made her name widely 
known in astronomical eircles. Dr. Max Wolf, director of the Astro- 
physieal Observatory at Hleidelberg, was presented by her with a photo- 
graplie telescope, which has enabled him not only to find some seventy 
new asteroids, but also to inerease materially the number of known 


THE SMALL MAGELLANIC CLOUD IN WHICH NEARLY A THOUSAND VARIABLE STARS 
HAVE BEEN FOUND. To the right is the globular cluster, 47 Tucane, 
taken at Arequipa in the bruce telescope. 


variables. Dr, Wolf. recently assisted by Frau G. Wolf, has diseovered 
about 200 new variable stars. 

Nowhere else, however, has so large a collection of celestial photo- 
eraphs been made, covering so long a period of time, as at the Harvard 
Observatory, In 1905, Professor Pickering instituted, among other 
pieces of work, an examination of the Magellamie Clouds. © This work 
was assiyned to Miss IL. S. Leavitt, who has shown rare talent for this 
line of investigation. The regions selected were very fortunate, also, 
since, aside from the dense elobular clusters, no other region has been 
found as rich i variables as the Small Cloud, although the Large Cloud 
also promises to vield nearly as many. It should be noted that the 
Magellanic Clouds are by no means merely irregular extensions of the 
Milky Way. Phey appear to be as wnique in strneture as in position. 
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Altogether Miss Leavitt has added 1,500 new variables to the already 
rapidly growing List. 

Tt may be asked, why it is necessary, or even desirable, to go on 
indefinitely with the discovery of new variables. The answer 1s that, 
aside from the value of adding any new fact about the universe to the 
sun of human knowledge, the problem is now so well advanced that it 
seems unwise not to render the search complete for the whole sky. 
A serious international attempt is about to be made, for the first time, 
io investigate svstematically all the leading problems concerned in 
the constrnetion of the universe, so that a s@entific coxmogony may be 
possible. lt will be of value im this greatest of all problems to. find 
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VELOCITY CURVES AND LIGHT-CURVES OF VARIABLE STARS. (The light-curves are inverted.) 


the discussion of the variable stars reasonably complete for the whole 
sky. At the Harvard Observatory, where variable stars have been 
eiven serious attention during more than twenty vears, a new cata- 
logue, compiled by Miss Cannon, is in course of publication, which 
contains reference to about 1.850 variables, ‘Phis does not include the 
variable stars in the Magellanie Clouds. Also. a committee of the 
Axtronomische «Gesellschaft, consisting of the well-known astrono- 
mers. Dunér, Miller. Qudermans and Hartwig, have in hand the 
preparation of a catalogue, which will be an extension of the former 
eataloeues of Chandler. 

The work of discovery, however arduous, is but a small part of the 
whole problem of the variable stars, Long series of observations are 
necessary. in order to learn the amount. duration and rapidity of the 
light-changes, or, in other words, to determtme the light-curve. 
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Reeent advances in methods of research have also made possible 
the study of various other phenomena. in addition to the variability in 
brightness. All available information will be needed to assist us in 
finding the true explanation of the changes. Especially must we study 
the spectra of these stars. and the changes in the spectra at different 
phases of the hght-curve, as well as the motions of the stars in the line 
of sight. Fora long time it has been known that the radial motion of 
any bright body may be studied from the shifting positions of the 
spectral lines. This principle is proving of great importance in dif- 
ferent branches of astronomy. Only recently, however, and in few 
eases has this crucial method been apphed to the problem of variable 
stars: vet it appears that the trne solution of the difficulties must await, 
in many cases, the appheation of this method of research, 

The determination of these different phenomena—the light-curve, 
the velocity-eurve and the spectrmm—is often carried on without 


special reference to the physical causes which produce them. But it 
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LIGHT-CURVES OF VARIABLE STARS. 


will be convement in what follows to refer to the phenomena and the 
probable eauses together. No final classification of variable stars is 
possible at the present time, since such a classification would doubtless 
he based on the physical causes which underly the phenomena, and 
these are known in comparatively few cases. The division proposed 
by Professor Pickering. in L881. is as convenient as any for our pur- 
poses. Te placed them all in the following classes: 

I. New stars. 

Il. Long-period variables, undergoing great variations in light. 

II]. Stars undergomg slight changes, according to laws as yet 
little understood. 

TV. Short-period variables of the 8 Lyre type. 

VY. Algol stars. 
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Reference will be made in what follows only to classes IT.. TY. 
and V. New stars may well he considered as a class apart. There is, 
possibly, no sufficient reason for including them among variable stars, 
technically so-called. The stars of class ITT. are few, doubtful, not 
well understood, and relatively unimportant. 

If. Variable stars of long period and large variation in light are 
perhaps the easiest to observe and the most difficult to interpret of all. 
Many of them are bright enough to be observed. near maximum at 
least. by the naked eve, and the variations are so great that observa- 
tions of the highest precision are not essential for the determination of 
the l'ght-eurves. The length of period ranges in general from 100 
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Fic. 7, STARS OF TYPE ILI. AND VARIABLE STARS OF TYPE III. WITH 
BRIGHT HYDROGEN LINES. 


davs to £00 days. Some of these stars have been observed by ditferent 
astronomers during the last two centuries. and claborate investigations 
concerning them have been made by Argelander, Schonfeld, Chandler, 
Piekering, and others. Omicron Ceti, or Jira, The Wonderful, has 
been studied more carefully than any other. Even here. bowever, 
much remains to be learned. The hght-curve of Mira is shown in 
Fig. 1. and is fairly typical of the group. The variations in brightness 
are irregular and a single Heht-curve can only represent mean results. 
Trregularity characterizes all the phases: the exact time of any return 
of maximum is uncertain, and the brightness at different maxima, and 
at different minima, varies greatly. 

The spectrum of stars of this class is in general of Seechi’s third 
type. with heavy banded lines aud flutings. A short time before maxi- 
mum the bright lincs of hydrogen appear, and persist till the star has 
grown somewhat faint again. At least, this is trne of Mira, and of 
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some others, and is perhaps true for all. These bright lines, due to 
incandescent hydrogen, undergo varions modifications during the time 
in which they are present. he relative intensity of different lines 
varies greatly in ditferent stars, and also in the same star at different 
phases. Mrs. Fleming has been able to arrange them in a series having 
ten subdivisions, with Ro Lyneis at one end, with the IT 8 and H y hnes 
prominent and TL é wanting, and R Leonis at the other end with II 6 
wanting. HL y faint, and H 8 prominent. ‘There are also corresponding 
changes in the distribution of the remaiming heght of the speetrum, a 
peculiarity which is shared by stars of the same type which are not 
yvaniable.  "Phese characteristies are well shown im Pig. 7, 

Their great range of vanlation makes many of these stars invisible 
when near minima in telescopes of ordinary size. This may account 
for the custom which has been followed by many observers of measur- 
ing the heht only when the star is near maximum. ‘This is unfortu- 
nate, since the determination of the Jength of the period is not suticient 
m itself for the solution of the problems involved. On this account 
special etforts have been made at the Harvard Observatory, where the 
observations are carried on by Miss A. J. Cannon and Mr. Leon Camp- 
hell, to get measures of the variables at all the different phases. Even 
thus it is doubtfnl if the secrets of the changes can be found, until the 
research is made to melude a more detailed spectroscopic study than 
has vet been made, A systematic study of a Jarge number of well- 
selected stars is much needed. This could probably be done best by a 
photographic retlector of the largest size. Such a scheme of work has 
been proposed by Professor W. W. Campbell, director of the Lick 
Observatory, and from it we may expect results of the highest value. 
Jt may be well, also. to study the radial motions of these variables, 
but it is more than doubtful if their variability is in any way asso- 
elated with orbital motion, such as would be found m binary systems. 
The irregularity in the recurrence of the phenomena seems to preclude 
the possibility of such an explanation. The stars of this class probably 
contain within themsclves the causes of their changes. They are, per- 
haps, at that critical stage of development where occasional mternal 
disturbances cause tremendous ontbursts, especially of incandescent 
hydrogen, resulting in an cnoriuons merease of Nght. The commotion 
slowly dies down only to return again with more or tess of regularity. 
For the details of these disturbances we must await further study. 

IV. OF the 3.000 variables known at present probably the vast 
Majority have short periods, that is. periods of a few days, or a few 
hours. The periods, also. are uniform: or at least, if apparent imregu- 
larity exists at times, this is capable of being expressed by rigorous 
Inathematical formula. a Aquike and 8 Lyre are well-known examples 
of this class, Recent investigations have shown that such stars are 
binary systems, and that m some way the light phenomena are as- 
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sociated with orbital revolution. © Belopolsky, and later Campbell and 
Wright have investigated the velocity-curve of a Aquile. From their 
investigations it appears that this variable is a binary, whose period of 
revolution is of the same duration as the period of the light-changes. 
The determination of the velocityv-curve is accomplished by the use of 
a slit-spectroscope, which gives a comparison speetrum of some known 
element, Which is alse present in the spectrtun of the star. Since the ve- 
Jocity-curve and light-eurve are synchronous it might be suspected that 
the light variation was caused by an eclipse of the star by a relatively 
dark companion. ‘This can not be true, however, in the case of a Aquilee. 
for vartous reasons. In the first place, the Nght-eurve is not that of 
an eclipsing star. An eclipse must occur when two stars are both in 
the line of sight, at which time the apparent motion would be small or 
zero. As a fact. the minhnum of the star does not occur at such a 
time. The light maximum occurs notreeably later, and the minimum 
noticeably carher than the periastron of the star. These facts seem 
not inconsistent with the theory that the variations in hghts are 
caused by the close approach of the components of a double star moving 
in elliptical orbits, the outburst of light resulting from some tidal 
disturbance incited by the enormously increased mutual attractions of 
the two bodies. An objection to this explanation is that under these 
eiremnestances the outburst would probably manifest itself by the pres- 
ence of bright Jines m the speetrum at maxunimn, as is the case with 
long-period variables. Small evidence exists that this is true. An- 
other ditliculty is found by a comparison of the curves of velocity and 
hight, as determined by Wright and Schur. The former is a smooth 
curve, while the latter has a secondary maximum. ‘That this may be 
due in part to an error in the form of the light-curve as given by 
Schur, seems not mpossible, rf we compare it with the light-curve of 
the same star as determined by Pickering with a polarizing photometer. 
The latter curve shows merely an indication of a secondary maxmnum., 
It may be true. of course, that the secondary maximiun is sometimes 
present, at other times absent. That the relation between the curves 
of motion and light may he most intimate, in some cases at least, is 
beautifully shown by the variable o Sagittarii. The velocity-curve of 
this star was determined by Dr. Curtiss, of the Lick Observatory. As 
pointed ont by him, the velecity-enrve, and the ght-curve determined 
by Professor Pickering, show a close resemblance even in the details. 
Which proves conchisively that both phenomena are associated with the 
sane underlying causes. Ineidentally. a striking proof is furnished of 
the accuracy of these two widely separated investigations, thus critically 
compared, These curves are shown in Fig. 5, 

B Lyre represents a somewhat different variety of the short-period 
variable, This star has been studied for more than a century and still 
remains something of a mystery. The spectrum is complex, the Jines 
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showing displacement, apparently due to the motions of the bright 
components of a close binary. These displacements were explained 
in 1891 by Pickering as the result of the revolution of the unlike eom- 
ponents of a binary system, having a relative velocity of 300 miles per 
second, and a radius of 50,000,000 miles. Belopolsky has also in- 
vestigated this objeet, obtaining results which differ somewhat from 
those given above. Professor G. W. Myers has made a mathematical 
discussion of the problem, reaching the conclusion that the phenomena 
can be explained on the theory of a binary svstem, composed of two 
gaseous, seareely separated, components of different masses, mutually 
eclipsing each other during their revolutions. Indeed the two com- 
ponents may not have separated, but exist still as a single body of 
unusual form, such as Poinearé’s, or Darwin's figures of equilibrium. 
The problem is extremely complicated, and well illustrates the almost 
infinite diversity which is met with in the various problems about 
variable stars. The binary character of this tvpe of variables seems sure 
in many cases, while in others even three bodies appear to be present ; 
but the details involved are still in doubt. 

The variable stars found in clusters have periods ranging for the 
most part from ten to fourteen hours. The clements of about 300 of 
them have been determined by the writer. The uniformity of the 
periods found in the same cluster is remarkable, pointing unmistakably 
io a common eause. What that cause is has not yet been found. The 
form of light-eurve is shown in Figs. 3 and 4. Owing to the faintness 
of these stars, which generally vary between the twelfth and fifteenth 
magnitudes, it has not yet heen possible to determine cither the nature 
of the spectrum or the radial motion. The light-curve shows no in- 
dieation of eclipsing phenomena. The wniformity in the period, traced 
in many eases through more than 5,000 returns of maximum, points 
to axial rotation or orbital revolution. Variability might result, un- 
doubtedly, from the rotation of an elliptical, or unevenly luminous 
bedy: but the leht-eurves of cluster variables are difficnlt of explana- 
tion on this theory. ‘They may be binaries with small, clliptieal orbits, 
but even this is hardly consistent with the form of light-eurve. The 
rejection of these hypotheses, nevertheless, secims to leave the phe- 
nomena without plausible explanation. .\ few cluster variables have 
been found where the maxima suceeed each other at intervals of about 
six hours, one half the usual period. This indicates pretty clearly a 
double vaniable with alternating maxima, both components having the 
same period. These apparently aecidental cases of duplicity may throw 
some light on the physical condition of all these stars. 

VY. Of the Algol variables Algol itself is a good example. Its 
light usually remains at a uniform brightness of the second magnitude, 
but once in a little less than three days it falls to the third magnitude, 
where it remains for some twenty minutes before beginning to regain 
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its brightness. The whole time for the deerease and the restoration of 
light is about ten hours. The form of this light-eurve points unmis- 
takably to the eelipse of a bright star by a relatively dark companion. 
This explanation, first proposed by Goodricke, was developed by Picker- 
ing, and proved spectroscopically by Vogel. Dr. Alexander W. Roberts, 
of Lovedale, South Africa, has reeently developed a method for de- 
termining the absolute dimensions of an Algol binary. The theory 
which underlies the determination is that light takes an appreeiable 
interval of time to traverse the orbit of a binary system. For an 
accurate solution observations of the highest preeision are essential. 
Precise photometric observations of such objects have been made by 
Professor O. C. Wendell, of the Harvard Observatory. The cause of 
variation is in general the same for all the Algol variables, though 
there are minor differences of importance. As might be expected, they 
show great regularity. Nevertheless, there are certain secular yaria- 
tions from causes not well understood. The period of Algol is beheved 
to vary slightly, and Dr. Chandler explains this as due to the presence 
of a third body. M. Tisserand, however, has advanced a different 
theory. He assumes a slight flattening of the globe of Algol, and an 
elliptieal orbit for the companion. These rival theories can be settled 
only by elaborate determinations of the light-curve during many years. 
Aeeording to Dr. Chase, Algol is at a distance of ninety-three hght- 
years. Vogel finds the diameter of each of the components to be nearly 
a million miles, and the distanee between them little more than three 
million miles. There are doubtless thousands of linary systems in the 
heavens, one component of whieh is more or less obscure. Such a sys- 
tem, and it holds true even if the components are equally luminous, 
beeomes for us an Algol variable when the plane of revolution passes 
through or near the earth. Such systems are comparatively rare. At 
the present time onlv thirty-eight are known. The largest variation 
vet found is that of Fleming's Algol, R. W. Tauri, whose light at mini- 
mum is only one twenty-sixth as great as its usual amount. It would 
be possible for a dark companion of the same size as the bright com- 
ponent to completely eclipse it. In the ease of v Cephei, indeed, this 
probably takes place, so that the light while the eclipse lasts comes 
entirely from the dark companion. ‘The companion is only relatively 
dark, however. so that its ight alone is about one eighth as great as 
the combined hight of both components. If the companion, in such a 
case, were completely obscure, there would he a total eclipse of the 
star's ght, but no such case has vet been found. 
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CORNELL UNIVERSITY AND THE 
SUMMER MEETING OF THE 
AVERICAN ASSOCLITION, 
Wen the American Association for 
the Advancement of Science decided to 
hold a special summer session between 
the winter mectings in New 
and New York City, it was well ad- 


Orleans 


vised in choosing [thaca as the plaee. 
There is probably no other university 
in the world with such a beautiful site 


surroundines, and there are but 


a. 


and 


few institutions whose buildings, equip- . 


ment and work are ot greater interest 
to of Ithaca 
far from the center of scientific popula- 


studeuts science, is not 
tion, and Cornell is in many ways in- 
termediate between the eastern private 
foundations, such as Harvard. Yale and 
Columbia, and the state institutions of 
the 


Hlinois and Wisconsin, 


central west, such as Michigan. 

Cornell owed its origin to state sup- 
port combined with the generosity of the 
man whose name it perpetuates. One 
of the most beneficent aets of congress, 
notable for its wisdom and because it 
Was proposed in the midst of the civil 
war, was the land grant for the estab- 
of 


primarily for agriculture and the me- 


lislunent in) eaeh state a college 


ehanie arts. The act, approved July 2. 
PsSd2. provided that there should be 
to the 
lands, thirty thousand acres for each 


granted several states publie 
senator and representative of congress, 
the 


he established a perpetual fund “the 


from sale of which there should 
interest. of which shall he inviolably 
appropriated, by each state whieh may 
take and claim the benetit of this act. 
to the endowment, support and main- 
tenance of at least one college, where 


the Jeading object shall be, without 
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excluding other seieutitie and classical 
studies, and including military tacties, 
to teach such branches of learning as 
are related to agriculture and the me- 
the 
legislatures of the states may respect- 


chanie arts, ino such manner as 


ively prescribe. in order to promote the 
liberal and practical education of the 


Industrial classes in the several pur- 
suits and professions in lite.” 
New York state received about a 


' 


nillion acres, and, thanks largely to the 
wisdom of Mar. Ezra Cornell, most. of 
the land was held until ultimately it 
yielded over five million dollars, In 
Mr, 


would 


accordance with Cornell’s  well- 
in- 
find 


Cornell 


hnown words, *] found an 


stitution where any person can 
instruction in any study. 


University was established in I865 and 
opened in the autumn of [86s. Thanks 
to the wise administration of Dr. An- 
drew D. White, to a loyal group of 
of to 
state stppport and private beneticenee, 


able teachers and men science, 
Cornell has become one of the ereat 
universities of the country and of the 
world, fulfilling as nearly as may be 
the dreams of its founder. There are 
now some tive hundred ollicers and four 
thousand students divided among de- 
partments as tollows: the graduate de- 
the ot 


selenees, the college of law, the medical 


partment, college arts and 
college, the New York state veterinary 
college, the college of agriculture, the 
colleve of architecture, the college af 
civil enpineering, the Sibley colleee of 
mechanical engineerine and mechanic 
arts. 

At Cornell University a gathering of 
sclentitie men could not be other than 
pleasant and profitable. There were in 
UU) about 400 in attendance at the meet- 
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ings which were held from June 27 to 
July 3. 
is necessary or even desirable for the 


This is as large a group as 


enjovinent of those who are present. 
It might, however, have been expected 
that a larger number would have taken 
of the The 
physicists who 


advantage opportunity. 


chemists, and others 


held technical meetings came in fair 
muubers, but there were not many who 
attended the meeting in order to see 
the university and the surrounding re- 
gions, to meet their colleagues in other 
departinents and learn of the general 
forward movement in science, or to do 
their share in promoting the organiza- 
of 


Thus sections A and WK held no 


tion scientific work and seientifie 


men, 
mectmngs at Ithaca: the special socie- 
ties whose subjects were included in 


those sections—mathematies, astrono- 


my, physiology, anatomy. pathology, 


2. 


psychology. ete., did net hold meetings. 
and the registration in those sections 


was four members. The absence of 


those who are not professional students | 


of science was also noticeable and prob- 
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ably regrettable. It should he one of 
the tunctions of the association to keep 
science in touch with the larger public 
to 
throughout the country. 


interest 
It was hoped 


and increase — scientific 
that the resumption of summer meet- 
ings would be a step in this direction, 
but it does not seem that very much 
was accomphshed at Ithaca. 

Yet the character of the meeting, as 
well as its place. was as attractive as 


could well be. Dr. Welch, our leading 


/pathologist, was an admirable presi- 


ding oflicer and gave two interesting ad- 
dresses. Two addresses were given by 
President Schurman and one by Dr. 
Andrew D. White. 


by 


The evening lectures, 
the South 
African meeting of the British Asso- 


Professor Carhart on 


qlifion and by Professor Branner on 
the California earthquake. were partieu- 
larly timely and interesting. The new 
physical laboratory of the imniversity 
was dedicated, and Sigma Ni celebrated 
the twentieth anniver-ary of its founda- 


tion, The excursions arranged by the 
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SIBLRY COLLEGE OF MECIIANICAL ENGINEERING. 


veologists. botanists, chemists. engi- there was much to attract all who are 
heers and economists were in every interested in science, and those who 
way successful. Thus apart from the were present will remember the Ithaea 
more special scientific programs, which meeting as one of the most pleasant 
in several subjects were very good, in the history of the association. 
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BEEBE LAKE AND TRIPHAMMER FALLS ON THE EDGE OF THE CURNELL Campus, 


LEGISLATION AND SCIENCE 

(OVERNMENT is becoming more and 
Poli- 
and a 


more an application of science, 
stil] 
the kind of science at hand is 
the 


but if the proceedings of sue- 


tits are largely a game 


trade; 
erade and is applied hy rule of 
thiuinh, 
cessive parliaments or 


DOTS VES SEs 9 Ure 


reviewed, there is an evident tendency 


tor Jevislation to rest) increasingly on 


expert knowledge and to require con- 


tinnally greater scientitie skill in’ its 


execution. When the constitution of 
the United States was written, the 
threefold division of the functions of 


executive 
adequate. = Now, 
that the 
expert) functions are co- 

the 
be made by the congress, interpreted hy 


the 
and 


eovernment—leuislative, 
judicial — was 
however, it} May he urged 
selentifie or 
ordinate with others. Laws may 
the courts and executed by the presi- 
dent, but they should be based on scien- 
tifie investigations and carried out by 
sclentitic experts, 

We are told that municipal govern- 


ment should be divereed from polities, 


and this is doubtless true. A munici- 
pality is primarily a business or engi- 


heering corporation, Its main concern 
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is with streets, sewers, parks and 
docks; with schools, hospitals and 


publie institutions; with water, light 
and the means of transportation and 
conmnunieation. But there are equally 
seund reasons for keeping the govern- 
ment of a state or nation free from 
piclities and conducting its alfairs with 
sueh skill and eflielency as are attain- 


able. There are eertain questions that 


jeeting the measure. 


are quite outside the limits of sueh 


seience as we now have, for example, 
the desirability of more or less ecen- 
tralization, 


paternalisin, aristoeraey, 


war or religion. The people may 
legitimately divide themselves into 


parties on sueh lines. Seienee may be 
unable to auswer the question as to 
whether the government should eonduet 
the postoffice, the express business or 


the railways, but when the government 


has undertaken to manage 
it makes no more difference whether 


the postmaster general is a republican 


or a democrat, than whether he is a 


eatholie or a protestant, married or 


It would 
separate thase questions which 


single. be well if we eould 
must 
for the present be settled by party gov- 
ernment from those which should be 
decided by expert knowledge, and if the 
latter eowld be settled by men having 
And of 


course nearly all the executive work of 


the necessary special training. 


the government should be done by ex- 
perts. and a Jarge part by those who 
are teehnically men of science. 

The main questions before the first 
session of the fifty-ninth congress were 
eoncerned with the extension of federal 
eontrol by the regulation of interstate 
comnmneree, and may be regarded as out- 
3ut the 


rested, 


side the seope of this journal. 
of the 
have rested, 


decisions eoneyress or 


should on statistical or 


other selentifie data. In the exeeution 
of the laws relating to railway rates, 
meat inspection and pure food, a large 
of trained scientific men will 
The of the tax 
on aleohol which has been * denatured ’ 


number 


be required, removal 


will have an important effect on the 


the mails, 
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arts. While we shculd like to see the 


decimal system of weights and meas- 
ures or even a duodecimal system made 
compulsory, it must be admitted that 
technical opinion is so divided that the 
house can seareely be blamed for re- 
Of 
tifie interest were the bills protecting 


direet selen- 
Niagara Falls, the Mariposa trees of 
California and the antiquities on the 
public Jands. Although the main in- 
erease in the appropriation for the De- 
partment of Agriculture was for meat 


Inspection, its seientifie work was 
enlarged in several directions. The ap- 


propriation fer rebuilding the Military 
Academy at West Point was inereased 
to 86,500,000. A loek eanal at Panaina 
varried to the height of cighty-tive feet 
was deeided on, and the sum of S42,- 
900,000 was appropriated for the work. 


SCIENTIFIC ITEMS, 

WE record with regret the deaths of 
Dr. Henry A. Ward, president of 
Ward's Natural History Establishment 
at Rochester, and Dr. Fritz Sehaudinn, 
recently appointed head of the para- 
sitologieal department of the Institute 
for Tropical Diseases of Hamburg and 
well known for work on the 


his pro- 


tozoa. 


Tue Ordre pour le Mérite has been 
conferred on Professor Robert Koeh by 
the German Ernst 
Mach. of awarded 
the Bavarian Maxtmnihan order for sei- 
and Simon New- 
comb has been clected a member of the 


Eainperor.—Dr. 


Vienna, has been 


ence art.—Professor 
board of overseers of Harvard College, 
—The Society of Arts has awarded its 
Albert medal to Sir Joseph W. Swan, 
BARS. * for the important part he took 
the invention of the incandeseent 
electrie lamp. and for his invention of 
the earbou ot 
printing.’ 


in 
process 


photographie 


ANNOUNCEMENT 
the 


has been made of 
of Dr. William T. 
Harris, connnissioner of education, and 
of the ot 


resignation 


nomination his suceessor, 


ee 
1g2 POPULAR 
Professor Elmer E. Brown, of the Uni- | 
versity of California. Dr. Harris’s 
retirement has been made possible by 
a retiring allowance from the Carnegie 


Foundation for the Advancement of 
Teaching. This action was taken by 

{ | 
the trustees of the foundation under 


one of their rules which permits of. 
such action in the case of extraordinary 
Dr. 
Ifarris has of 
education since 1889, and has, perhaps, 
had a Jarger and more intimate con- 
nection with the whole body of teachers 
The offer to him 


and unusual service to edueation. 
been the commissioner 


than any other man. 
of this retiring allowance was an act 
of the highest regard for his work and 
plaees his name at the head of the list 
of distinguished men who have aeeepted | 
such retiring allowances from the Car- 
negie Foundation.—Dr. D. E. Salmon, 
from 1884 to 1905 chief of the Bureau 
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of Animal Industry, has accepted the 
offer of the government of Uruguay 
to organize a Bureau of Animal In- 
dustry for that country. Dr. Salmon, 
who is at present engaged in scientific 
work in Montana, will start for South 
America about December 1. 


THE protocol providing for the es- 


tablishment of an international insti- 


tute of agriculture at Rome, Italy, has 


been adopted by the congress. There 
are about forty governments party to 
the arrangement. Studies will be 


made of all kinds of plant life and 
means of extermination of insects and 
other The institute will re- 
ceive the reports of the agricultural 
bureans and societies of all countries. 
The Italian government will supply the 
buildings, and the cost to other govern- 
ments will be about $5,000 a year each. 


pests. 
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THE VALUE OF SCIENCE? 


By M. H. POINCARE 


MEMBER OF THE INSTITUTE OF FRANCE 


INTRODUCTION 


oe search for truth should be the goal of our aetivities; it is the 

- sole end worthy of them. Doubtless we should first bend our 
efforts to assuage huinan suffering, but why? Not to suffer is a negative 
ideal more surely attained by the annihilation of the world. If we wish 
more and more to free man from material cares, it is that he may be 
able to employ the liberty obtained in the study and eontemplation of 
iruth. 

But sometimes truth frightens us. And in fact we know that it 
is sometimes deceptive, that it is a phantom never showing itself for 
a moment except to ceaselessly flee, that it must be pursued further 
and ever further without ever being attained. Yet to work one must 
stop. as some Greek, Aristotle or another, has said. We also know how 
ernuel the truth often is, and we wonder whether illusion is not more 
consoling, vea, even more bracing, for illusion it is which gives con- 
fidence. When it shall have vanished, will hope remain and shall we 
have the courage to achieve? Thus would not the horse harnessed to 
his treadmill refuse to go, were his eves not bandaged? And then 
to seck truth it is necessary to be independent, wholly independent. If 
on the contrary we wish to act, to be strong, we should be united. 
This is why many of us fear truth; we consider it a cause of weakness. 
Yet truth should not be feared, for it alone is beautiful. 

When I speak here of truth, assuredly I refer first to scientifie 

‘Authorized translation by Professor George Bruce Halsted, Ph.D. Copy- 
Tight, 1966, by The Science Press. 
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truth; but I also mean moral truth, of which what we call justice is 
only one aspect. It may seem that I am misusing words, that I com- 
bine thus under the same name two things having nothing in common; 
that scientific truth, which is demonstrated, can in no way be likened 
to moral truth, which is felt. And yet I can not separate them, and 
whosoever loves the one can not help loving the other. To find the 
one, as well as to find the other, it is necessary to free the soul com- 
pletely from prejudice and from passion; it is necessary to attain 
absolute sincerity. These two sorts of truth when discovered give the 
same joy; each when perceived beams with the same splendor, so that 
we must see it or close our eyes. Lastly, both attract us and flee from 
us; they are never fixed: when we think to have reached them, we find 
that we have still to advance, and who pursues them is condemned 
never to know repose. It must be added that those who fear the one 
will also fear the other; for they are the ones who in everything are 
concerned above all with consequences. In a word, I liken the two 
truths, because the same reasons make us love them and because the 
same reasons make us fear them. 

If we ought not to fear moral truth, still less should we dread 
scientific truth. In the first place it can not conflict with ethies. 
Ethies and science have their own domains, which touch but do not 
interpenetrate. The one shows us to what goal we should aspire, the 
other, given the goal, teaches us how to attain it. So they can never 
conflict since they can never meet. There can no more be immoral 
science than there can be scientific morals. 

But if science is feared, it is above all because it can not give us 
happiness. Of course it can not. We may even ask whether the beast 
does not suffer less than man. But can we regret that earthly paradise 
where man brute-like was really immortal in knowing not that he 
must die? When we have tasted the apple, no suffering can make us 
forget its savor. We always come back to it. Could it be otherwise ? 
As well ask if one who has seen and is blind will not long for the 
light. Man, then, can not be happy through science, but to-day he 
can much less be happy without it. 

But if truth be the sole aim worth pursning, may we hope to 
attain it? It may well be doubted. Readers of my little book 
‘Science and Hypothesis’ already know what I think about the ques- 
tion. The truth we are permitted to glimpse is not altogether what 
most men call by that name. Does this mean that our most legiti- 
mate, most imperative aspiration is at the same time the most vain? 
Or can we, despite all, approach truth on some side? This it is which 
must he investigated. 

In the first place, what instrument have we at our disposal for this 
conquest ? Is not human intelligence, more specifically the intelligence 
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of the scientist, susceptible of infinite variation? Volumes could be 
written without exhausting this subject; I, in a few brief pages, have 
only touched it lightly. That the geometer’s mind is not like the 
physicist’s or the naturalist’s, all the world would agree; but mathe- 
maticians themselves do not resemble each other; some recognize only 
implacable logic, others appeal to intuition and see in it the only source 
of discovery. And this would be a reason for distrust. To minds so 
unlike can the mathematical theorems themselves appear in the same 
light? Truth which is not the same for all, is it truth? But look- 
ing at things more closely, we sce how these very different workers 
collaborate in a common task which could not be achieved without 
their cooperation. And that already reassures us. 

Next must be examined the frames in which nature seems enclosed 
and which are called time and space. In ‘Science and Hypothesis’ 
I have already shown how relative their value is; it is not nature 
which imposes them upon us, it is we who impose them upon nature 
because we find them convenient. But I have spoken of scarcely more 
than space, and particularly quantitative space, so to say, that is of the 
mathematical relations whose aggregate constitutes geometry. I 
should have shown that it is the same with time as with space and. 
still the same with ‘ qualitative space’; in particular, I should have 
investigated why we attribute three dimensions to space. I may be 
pardoned then for taking up again these important questions. 

Js mathematical analysis then, whose principal object is the study 
of these empty frames, only a vain play of the mind? It can give to 
the physicist only a convenient language; is this not a mediocre service, 
which, strictly speaking, could be done without; and even is it not to 
be feared that this artificial language may be a veil interposed between 
reality and the eye of the physicist? Far from it; without this 
language most of the intimate analogies of things would have re- 
mained forever unknown to us; and we should forever have been igno- 
rant of the internal harmony of the world, which is, we shall see, the 
only true objective reality. 

The best expression of this harmony is law. Law is one of the most 
recent conquests of the human mind; there still are people who live 
in the presence of a perpetual miracle and are not astonished at it. 
On the contrary, we it is who should be astonished at nature’s regu- 
larity. Men demand of their gods to prove their existence by miracles ; 
but the eternal marvel is that there are not miracles without cease. 
The world is divine because it is a harmony. If it were ruled by 
caprice, what could prove to us it was not ruled by chance? 

This conquest of law we owe to astronomy, and just this makes 
the grandeur of the science rather than the material grandeur of the 
objects it considers. It was altogether natural then that celestial 
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mechanics should be the first model of mathematical physics; but since 
then this science has developed; it is still developing, even rapidly 
developing. And it is already necessary to modify in certain points 
the scheme I outlined in 1900 and from which I drew two chapters of 
‘Science and Hypothesis.’ In an address at the St. Louis exposition 
in 1904, T sought to survey the road traveled; the result of this in- 
vestigation the reader shall see farther on. 

The progress of science has seemed to imperil the best established 
principles, those even which were regarded as fundamental. Yet noth- 
ing shows they will not be saved; and if this comes about only im- 
perfectly, they will still subsist even though they are modified. The 
advance of science is not comparable to the changes of a city, where 
old edifices are pitilessly torn down to give place to new, but to the 
continuous evolution of zoologic types which develop ceaselessly and 
end by becoming unrecognizable to the common sight, but where an 
expert eye finds always traces of the prior work of the centuries past. 
One must not think then that the old-fashioned theories have been 
sterile and vain. 

Were we to stop there, we should find in these pages some reasons 
for confidence in the value of science, but many more for distrusting 
it; an impression of doubt would remain; it is needful now to set 
things to rights. 

Some people have exaggerated the réle of convention in science; 
they have even gone so far as to say that law, that scientific fact itself, 
was created by the scientist. This is going much too far in the direc- 
tion of nominalism. No, scientific laws are not artificial creations; we 
have no reason to regard them as accidental, though it be impossible 
to prove they are not. 

Does the harmony the human intelligence thinks it discovers in 
nature exist outside of this intelligence? No, bevond doubt, a reality 
conipletely independent of the mind which conceives it, sees or feels it, 
Is an lnpossibility. A world as exterior as that, even if it existed, 
would for us be forever inaccessible. But what we call objective 
reality is, in the last analysis, what is common to many thinking beings, 
and could be common to all; this common part, we shall see, can only 
be the harmony expressed by mathematical laws. It is this harmony 
then which is the sole objective reality, the only truth we can attain; 
and when I add that the universal harmony of the world is the source 
of all beauty, if will be understood what price we should attach to the 
slow and difficult progress which little by little enables us to know 
it better. 
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Intuition and Logic in Mathematics 
I 


It is impossible to study the works of the great mathematicians, or 
even those of the lesser, without noticing and distinguishing two op- 
posite tendencies, or rather two entirely different kinds of minds. The 
one sort are above all preoccupied with logic; to read their works, one 
is tempted to believe they have advaneed only step by step, after the 
manner of a Vauban who pushes on his trenches against the plaee 
besieged, leaving nothing to chance. The other sort are guided by 
iituition and at the first stroke make quick but sometimes preearious 
conquests, like bold cavalrymen of the advanee guard. 

The method is not imposed by the matter treated. Though one 
often says of the first that they are analysts and calls the others 
geometers, that does not prevent the one sort from remaining analysts 
even when they work at geometry, while the others are still geometers 
even when they oecupy themselves with pure analysis. It is the very 
nature of their mind which makes them logicians or intuitionalists, 
and they ean not Jay it aside when they approach a new subjeet. 

Nor is it edueation which has developed in them one of the two 
tendencies and stifled the other. The mathematician is born, not made, 
and it seems he is born a geometer or an analyst. I should like to cite 
examples and there are surely plenty; but to aeeentuate the contrast I 
shall begin with an extreme example, taking the hberty of seeking it 
in two living mathematieians. 

M. Méray wants to prove that a binomial equation always has a 
root, or, m ordinary words, that an angle may always be subdivided. 
If there is any truth that we think we know by direct intuition, it is 
this. Who eould doubt that an angle may always be divided into any 
number of equal parts? M. Méray does not look at it that way; in 
his eyes this proposition is not at all evident and to prove it he needs 
several pages. 

On the other hand, look at Professor Klein: he is studying one of 
the most abstract questions of the theory of funetions to determine 
whether on a given Riemann surface there always exists a function 
admitting of given singularities. What does the celebrated German 
geometer do? He replaces his Riemann surface by a metallic surface 
whose electric conductivity varies aecording to certain laws. He con- 
nects two of its points with the two poles of a battery. The current, 
saves he, must pass, and the distribution of this eurrent on the surface 
will define a function whose singularities will be preeisely those ealled 
for by the enuneiation, 

Doubtless Professor Klein well knows he has given here only a 
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sketch: nevertheless he has not hesitated to publish it; and he would 
probably believe he finds in it, if not a rigorous demonstration, at least 
a kind of moral certainty. <A logician would have rejected with horror 
such a conception, or rather he would not have had to reject it, because 
in his mind it would never have originated. 

Again, permit me to compare two men, the honor of French science, 
who have recently been taken from us, but who both entered long ago 
into immortality. I speak of M. Bertrand and M. Hermite. They 
were scholars of the same school at the same time; they had the same 
education, were under the same influences; and yet what a difference! 
Not only does it blaze forth in their writings; it is in their teaching, 
in their way of speaking, in their very look. Jn the memory of all 
their pupils these two faces are stamped in deathless lines; for all who 
have had the pleasure of following their teaching, this remembrance is 
still fresh; it is easy for us to evoke it. 

While speaking, M. Bertrand is always in motion; now he seems 
in combat with some outside enemy, now he outlines with a gesture of 
the hand the figures he studies. Plainly he sees and he is eager to 
paint, this is why he calls gesture to his aid. With M. Hermite, it is 
just the opposite; his eyes seem to shun contact with the world; it is 
not without, it is within he seeks the vision of truth. 

Among the German geometers of this century, two names above 
all are illustrious, those of the two scientists who have founded the 
general theory of functions, Weierstrass and Riemann. Weierstrass 
leads everything back to the consideration of series and their analytic 
transformations; to express it better, he reduces analysis to a sort of 
prolongation of arithmetic; you may turn through all his books with- 
out finding a figure. Riemann, on the contrary, at once calls geometry 
to his aid; each of his conceptions is an image that no one can forget, 
onee he has caught its meaning. 

More recently, Lie was an intuitionalist; this might have been 
doubted in reading his books, no one could doubt it after talking with 
him; you saw at once that he thought in pictures. Madame Kova- 
levski was a logician. 

Among our students we notice the same differences; some prefer to 
treat their problems ‘ by analysis, others ‘by geometry.” The first are 
ineapable of ‘seeing in space, the others are quickly tired of long 
calculations and become perplexed. 

The two sorts of minds are equally necessary for the progress of 
science; both the logicians and the intuitionalists have achieved great 
things that others could not have done. Who would venture to say 
whether he preferred that Weierstrass had never written or that there 
had never been a Riemann? Analysis and synthesis have then both 
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their legitimate réles. But it is interesting to study more closely in the 
history of science the part which belongs to each. 


M 


Strange! If we read over the works of the ancients we are tempted 
to class them all among the intuitionahsts. And yet nature is always 
the same; it is hardly probable that it has begun in this century to 
create minds devoted to logic. If we could put ourselves into the flow 
of ideas which reigned in their time, we should recognize that many of 
the old geometers were in tendency analysts. Euclid, for example, 
erected a scientific structure wherein his contemporaries could find no 
fault. In this vast construction, of which each piece however is due 
to intuition, we may still to-day, without much effort, recognize the 
work of a logician. 

It is not minds that have changed, it is ideas; the intuitional minds 
have remained the same; but their readers have required of them 
greater concessions. 

What is the cause of this evolution? It is not hard to find. Intui- 
tion can not give us rigor, nor even certainty; this has been recognized 
more and more. Let us cite some examples. We know there exist 
continuous functions lacking derivatives. Nothing is more shocking 
to intnition than this proposition which is imposed upon us by logie. 
Our fathers would not have failed to say: “It is evident that every 
continuous function has a derivative, since every curve has a tangent.” 

How can intuition deceive us on this point? It is because when 
we seek to imagine a cnrve, we can not represent it to ourselves without 
width; just so, when we represent to ourselves a straight line, we sce it 
under the form of a rectilinear band of a certain breadth. We well 
know these lines have no width; we try to imagine them narrower and 
narrower and thus to approach the limit ; so we do in a certain measure, 
but we shall never attain this limit. And then it is clear we can always 
picture these two narrow bands, one straight, one enrved, in a position 
such that they encroach shghtly one upon the other without crossing. 
We shall thus be led, unless warned by a rigorous analysis, to conclude 
that a curve always has a tangent. 

T shall take as second example Dirichlet’s principle on which rest 
so many theorems of mathematical physies; to-day we establish it by 
reasonings very rigorous but very long; heretofore, on the contrary, 
we were content with a very summary proof. A certain integral de- 
pending on an arbitrary function ean never vanish. lence it is con- 
eluded that it must have a minimum. ‘The flaw in this reasoning 
strikes us immediately, since we use the abstract term function and 
are famihar with all the singularities functions can present when ‘he 
word is understood in the most general sense. 
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But it would not be the same had we used concrete images, had we, 
for example, considered this function as an electric potential; it would 
have been thonght legitimate to affirm that electrostatie equilibrium 
can be attained. Yet perhaps a physical comparison would have 
awakened some vague distrust. But if care had been taken to trans- 
late the reasoning into the language of geometry, intermediate between 
that of analysis and that of physics, doubtless this distrust would not 
have been produced, and perhaps one might thus, even to-day, still 
deceive many readers not forewarned. 

Intuition, therefore, does not give us certainty. This is why the 
evolution had to happen; let us now see how it happened. 

It was not slow in being noticed that rigor could not be introduced 
in the reasoning unless first made to enter into the definitions. For 
the most part the objects treated of by mathematicians were long ill 
defined; they were supposed to be known because represented by means 
of the senses or the imagination; but one had only a ernde image of 
them and not a precise idea on which reasoning could take hold. — It 
was there first that the logicians had to direct their efforts. 

So, in the case of incommensurable numbers. The vague idea of 
continuity, which we owe to intuition, resolved itself into a compheated 
system of inequalities referring to whole numbers. 

By that means the difficulties arising from passing to the limit, or 
from the consideration of infinitesimals, are finally removed. To-day 
in analysis only whole numbers are left or systems, finite or infinite, 
of whole numbers bound together by a net of equality or inequality 
relations. Mathematics, as they say. is arithmetized. 


LY. 


A first question presents itself. Is this evolution ended? Have 
we finally attained absolute rigor? At each stage of the evolntion our 
fathers also thought they had reached it. If they deceived themselves, 
do we not likewise cheat ourselves ? 

We believe that in our reasonings we no longer appeal to intuition ; 
the philosophers will tell us this is an illusion. Pure logic could never 
lead us to anything but tantologies; it could create nothing new; not 
from it alone can any science issue. In one sense these philosophers 
are right; to make arithmetic, as to make geometry, or to make any 
science, something else than pure logic is necessary. To designate 
this something else we have no word other than intuition. But how 
many different ideas are hidden under this same word? 

Compare these four axioms: (1) Two quantities eqnal to a third 
are eqnal to one another: (2) if a theorem is true of the number 1 and 
if we prove that it is true of n+ 1 if trne for x, then will it be true 
of all whole numbers: (3) if on a straight the pomt C is between A 
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and 2 and the point D between A and (', then the point D will be 
between A and B; (4) through a given point there is not more than 
one parallel to a given straight. 

All four are attributed to intuition, and vet the first is the enuncia- 
tion of one of the rules of formal logic; the second is a real synthetic 
a priort judginent, it is the foundation of rigorous mathematical induc- 
tion; the third is an appeal to the imagination; the fourth is a dis- 
guised definition. 

Intuition is not necessarily founded on the evidence of the senses ; 
the senses would soon become powerless: for example, we can not repre- 
sent to ourselves a chiliagon, and yet we reason by intuition on polygons 
in general, which include the chiliagon as a particular case. 

You know what Poneelet understood by the principle of continuity. 
What is true of a real quantity, said Poncelet, should be trne of an 
Imaginary quantity; what is true of the hyperbola whose asymptotes 
are real, should then he true of the ellipse whose asvmptotes are imag- 
inary. Poneelet was one of the most intuitive minds of this century ; 
he was passionately, almost ostentatiously, so; he regarded the principle 
of continuity as one of his boldest conceptions, and yet this principle 
did not rest on the evidence of the senses. To assimilate the hyperbola 
to the ellipse was rather to contradict this evidence. It was only a sort 
of precocious and instinctive generalization which, moreover, I have no 
desire to defend. 

We have then many kinds of intuition; first, the appeal to the senses 
and the imagination; next, generalization by induetion, copied, so to 
speak, from the procedures of the experimental sciences; finally, we 
have the intuition of pure number, whence arose the seeond of the 
axioms just enunciated. which is able to create the real mathematical 
reasoning. I have shown above by examples that the first two can not 
give us certainty; but who will seriously doubt the third, who will doubt 
arithmetic ? 

Now in the analysis of to-day, when one cares to take the trouble 
to be rigorous, there can be nothing but syllogisms or appeals to this 
intuition of pure number, the only intuition which can not deceive us. 
It may be said that to-day absolute rigor is attained. 


Ty, 

The philosophers make still another objection: “ What you gain in 
rigor.” they say, “ vou lose in objectivity. You can rise toward vour 
logical ideal only by eutting the bonds whieh attach you to reality. 
Your science is infallible, but it can only remain so by imprisoning 
itself in an ivory tower and renouncing all relation with the external 
world. From this seclusion it must go out when it would attempt the 
slightest application.” 
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For example, I seek to show that some property pertains to some 
object whose concept seems to me at first indefinable, because it is intui- 
tive. At first I fail or must content myself with approximate proofs; 
finally I decide to give to my object a precise definition, and this enables 
me to establish this property in an irreproachable manner. 

“ And then,” say the philosophers, “it still remains to show that 
the object which corresponds to this definition is indeed the same made 
known to you by intuition; or else that some real and concrete object 
whose conformity with your intuitive idea you believe you immediately 
recognize corresponds to your new definition. Only then could you 
affirm that it has the property in question. You have only displaced 
the difficulty.” 

That is not exactly so; the difficulty has not been displaced, it has 
been divided. The proposition to be established was in reality com- 
posed of two different truths, at first not distinguished. The first was 
a mathematical truth, and it is now rigorously established. The second 
was an experimental verity. Experience alone can teach us that some 
real and concrete object corresponds or does not correspond to some 
abstract definition. ‘This second verity is not mathematically demon- 
strated, but neither can it be, no more than can the empirical laws of 
the physical and natural sciences. It would be unreasonable to ask 
more. 

Well, is it not a great advance to have distinguished what long was 
wrongly confused? Does this mean that nothing is left of this objec- 
tion of the philosophers? That I do not intend to say; in becoming 
rigorous, mathematical science takes a character so artificial as to strike 
every one; it forgets its historical origins; we see how the questions can 
be answered, we no longer see how and why they are put. 

This shows us that logic is not enough; that the science of demon- 
stration is not all science and that intuition must retain its réle as 
complement, I was about to say, as counterpoise or as antidote of logic. 

I have already had occasion to insist on the place intuition should 
hold in the teaching of the mathematical sciences. Without it young 
minds could not make a beginning in the understanding of mathe- 
matics; they could not learn to love it and would see in it only a vain 
logomachy; above all, without intuition they would never become 
capable of applying mathematics. But now I wish before all to speak 
of the réle of intuition in science itself. If it is useful to the student, 
it is still more so to the creative scientist. 


v. 


We seek reality, but what is reality? The physiologists tell us 
that organisms are formed of cells; the chemists add that cells them- 
selves are formed of atoms. Does this mean that these atoms or these 
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cells constitute reality, or rather the sole reality? The way in which 
these cells are arranged and from which results the unity of the indi- 
vidual, is not it also a reality much more interesting than that of the 
isolated elements, and should a naturalist who had never studied the 
elephant except by means of the microscope think himself sufiiciently 
acquainted with that animal? 

Well, there is something analogous to this in mathematics. The 
logician cuts up, so to speak, each demonstration into a very great 
number of elementary operations; when we have examined these opera- 
tions one after the other and ascertained that each is correct, are we 
to think we have grasped the rea] meaning of the demonstration? Shall 
we have nnderstood it even when, by an effort of memory, we have be- 
come able to repeat this proof by reproducing all these elementary 
operations in just the order in which the inventor had arranged them? 
Evidently not; we shall not vet possess the entire reality; that I know 
not what which makes the unity of the demonstration will completely 
elude us. 

Pure analysis puts at our disposal a multitude of procedures whose 
infallibility it guarantees; it opens to us a thousand different ways on 
which we can embark in all confidence; we are assured of meeting there 
no obstacles ; but of all these ways, which will lead us most promptly to 
our goal? Who shall tell us which to choose? We need a faculty 
which makes ns see the end from afar, and intuition is this faculty. 
It is necessary to the explorer for choosing his route; it is not less so 
to the one following his trai] who wants to know why he chose it. 

If you are present at a game of chess, it will not suffice, for the 
understanding of the game, to know the rules for moving the pieces. 
That will only enable you to recognize that each move has been made 
conformably to these rules, and this knowledge will truly have very 
little value. Yet this is what the reader of a book on mathematics 
would do if he were a logician only. ‘To understand the game is wholly 
another matter; it 1s to know why the player moves this piece rather 
than that other which he could have moved without breaking the rules 
of the game. It is to pereeive the inward reason which makes of this 
series of successive moves a sort of organized whole. This faculty is 
still more necessary for the player himself, that is, for the inventor. 

Let us drop this comparison and return to mathematics. For 
example, see what has happened to the idea of continuous function. 
At the outset this was only a sensible image, for example, that of a con- 
tinuous mark traced by the chalk on a blackboard. Then it became 
little by little more refined; ere long it was used to construct a com- 
plicated system of inequalities, which reproduced, so to speak, all the 
lines of the original image; this construction finished. the centering 
of the arch, so to say, was removed, that crude representation which 
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had temporarily served as support and which was afterward useless 
was rejected; there remained only the construction itself, irreproach- 
able im the eyes of the logieian. And yet if the primitive image had 
totally disappeared from our recollection, how could we divine by what 
caprice all these inequalities were ereeted in this fashion one upon 
another ? 

Perhaps you think I use too many comparisons; vet pardon still 
another. You have doubtless seen those delicate assemblages of sili- 
cious needles which form the skeleton of certain sponges. When the 
organic matter has disappeared, there remains only a frail and elegant 
lace-work. True, nothing is there except silica, but what is interest- 
ing is the form this silica has taken, and we could not understand it 
if we did not know the lying sponge which has given it precisely this 
form. Thus it is that the old intuitive notions of our fathers, even 
when we have abandoned them, still imprint their form upon the logieal 
constructions we have put in their place. 

This view of the aggregate is necessary for the inventor ; it is equally 
necessary for whoever wishes really to comprehend the inventor. Can 
logic give it tous? No; the name mathematicians give it wonld suffice 
to prove this. In mathematics logie is called analysis and analysis 
means division, dissection. It can have, therefore, no tool other than 
the scalpel and the microscope. 

Thus logie and intuition have each their necessary réle. Each is 
indispensable. Logie, which alone can give certainty, is the instrument 
of demonstration ; intuition is the instrument of Invention. 


VI. 


But at the moment of formulating this conclusion I am seized with 
scruples. At the outset I distinguished two kinds of mathematical 
minds, the one sort logicians and analysts, the others intnitionalists 
and geometers. Well, the analysts also have been inventors. The 
names [ have just eited make my insistence on this unnecessary. 

Here is a eontradiction, at least apparently, which needs explana- 
tion. And first, do you think these logicians have always proceeded 
from the general to the partienlar, as the rules of formal logic would 
seem to require of them? Not thus could they have extended the 
boundaries of seience; scientifie conquest is to be made only by gen- 
eralization. 

In one of the chapters of ‘Scienee and Hypothesis, I have had 
oceasion to study the nature of mathematical reasoning, and I have 
shown how this reasoning, without ceasing to be absolutely rigorous, 
eould dift us from the partienlar to the general by a procedure I have 
called mathematical induction. It is by this procedure that the an- 
alysts have made science progress, and if we examine the detail itself 
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of their demonstrations, we shall find it there at each instant beside the 
classic syllogism of Aristotle. We, therefore, see already that the 
analysts are not simply makers of syllogisms after the fashion of the 
scholasties. 

Besides, do you think they have always marched step by step with 
no vision of the goal they wished to attain? They must have divined 
the way leading thither, and for that they needed a guide. This guide 
is, first, analogy. For example, one of the methods of demonstration 
dear to analysts is that founded on the employment of dominant func- 
tions. We know it has already served to solve a multitude of problems; 
in what consists then the réle of the inventor who wishes to apply it to 
anew problem? At the outset he must recognize the analogy of this 
question with those which have already been solved by this method; 
then he must pereeive in what way this new question differs from the 
others, and thence deduce the modifications necessary to apply to the 
method. 

But how does one perceive these analogies and these differences? 
In the example just cited they are almost always evident. but I eould 
have found others where they would have been much more deeply 
hidden; often a very uncommon penetration is necessary for their 
discovery. The analvsts, not to let these hidden analogies escape them, 
that is, in order to be inventors, must, without the aid of the senses and 
imagination, have a direct sense of what constitutes the unity of a 
piece of reasoning, of what inakes, so to speak, its soul and inmost life. 

When one talked with M. Hermite, he never evoked a sensuous 
image. and yet vou soon perceived that the most abstract entities were 
tor him like living beings. He did not see them, but he perceived that 
they are not an artificial assemblage, and that they have some principle 
of internal unity. 

But, one will sav, that still is intuition. Shall we conclude that 
the distinction made at the outset was only apparent, that there is only 
one sort of mind and that all the mathematicians are intuitionalists, 
at least those who are capable of inventing? 

No, our distinction corresponds to something real. I have said 
above that there are inanv kinds of intuition. J have said how much 
the intuition of pure number, whence comes rigorous mathematical 
induction, differs from sensible intuition to which the imagination, 
properly so called. is the principal contributor. 

Is the abyss whieh separates them less profound than it at first 
appeared 2 Could we recognize with a little attention that this pure 
intuition itself conld not do without the aid of the senses? This is 
the affair of the psvchologist and the metaphysician and I shall not 
discuss the question. But the thing’s being doubtful is enongh to 
justify me in recognizing and atlirming an essential difference between 
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the two kinds of intuition; they have not the same object and seem to 
call into play two different faculties of our soul; one would think of 
two search-lights direeted upon two worlds strangers to one another. 

It is the intuition of pure number, that of pure logieal forms, which 
illumines and direets those we have ealled analysts. This it is which 
enables them not alone to demonstrate, but also to invent. By it 
they pereeive at a glance the general plan of a logical edifice, and that 
too without the senses appearing to intervene. In rejecting the aid 
of the imagination, which, as we have seen, is not always infallible, 
they can advanee without fear of deeeiving themselves. Happy, there- 
fore, are those who ean do without this aid! We must admire them; 
but how rare they are! 

Among the analysts there will then be inventors, but they will be 
few. The majority of us, if we wished to see afar by pure intuition 
alone, would soon feel ourselves seized with vertigo. Our weakness 
has need of a staff more solid, and, despite the exceptions of which we 
have just spoken, it is none the less true that sensible intuition is in 
mathematics the most usual instrument of invention. 

Apropos of these reflections, a question comes up that I have not 
the time either to solve or even to enuneiate with the developments it 
would admit of. Is there room for a new distinetion, for distinguish- 
ing among the analysts those who above all use this pure intuition and 
those who are first of all preoccupied with formal logie? 

M. Hermite, for example, whom I have just cited, can not be classed 
among the geometers who make use of the sensible intuition; but 
neither is he a logician, properly so ealled. He does not conceal his 
aversion to purely deductive procedures which start from the general 
and end in the particular. 

(To be continued.) 
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DISCONTINUOUS VARIATION IN PEDIGREE-CULTURES! 


By Dr. D. T. MACDOUGAL 


DIRECTOR, DEPARTMENT OF BOTANICAL RESEARCH, CARNEGIE INSTITUTION OF WASHINGTON 


EREDITY imay be defined as that appurtenant functicen 
of living matter by which qualities, characters and capaci- 
ties are transmitted through successive generations. The absolute 
identity, or measurable expression, of the inherited characters may be 
qualified by partial and individual fluctuations about a norm in a 
continuous series in the progenies, and these characters, singly or in 
groups, may be subject to dominations, recessions, integrations and 
resolutions in hybridizations, or to various forms of combination, 
actual or apparent. In the case of discontinuous variations or muta- 
tion, single or unit characters, or constellations of them, may be 
activated, or converted into a latent or perlatent condition. 


Methods of Investigation 


Owing to the stimulus of recent discovery, attention is focused at 
the present time upon the ultimate result of fluctuating variability 
as influenced by various agents, in the origin and fate of hereditary 
strains, species, races or physiologically unified groups of organisms, 
and upon the probable part played in the matter by the saltatory 
movements, which are being brought to notice so plentifully in all 
quarters. In connection with the last-named feature, the behavior of 
the individual qualities or unit-characters in hybridizations are being 
studied with enormous zeal as offering a ready analysis of the action 
of inheritance. The comparative ease with which hybrid combina- 
tions of plants are effected, and the simplicity of the subsequent 
resolutions in the progeny, render this phase of the subject easy of 
attack, and results are being obtained, which, if one may judge from 
recent literature, do not seem available to many writers. 

It needs but a moment’s consideration to bring the realization that 
the entire subject offers some of the most abstruse and difficult prob- 
lems in the whole realm of biological science. Intricate and elusive in 
their physiological complexity, we may hope to uncover the main 
factors by perfected methods in research upon the ultimate mechanical 
basis of heredity coupled with a refinement of technique in dealing 
with the course of inheritance as we trace it from generation to 
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generation, climinating guesswork as to parentage, and prophecy as 
to offspring. The first is steadily yielding results of undoubted im- 
portance and is bringing about a renewed interest in the functional 
relations of the components of the protoplast with respect to the 
inheritance of characters. The second method, that of statistical 
observations and experimental methods in pedigreed cultures, has given 
such notable results in the hands of varions investigators, that it may 
be truly asserted that it may not be outclassed in value by any form of 
research vet used in investigations in natural history. 

As an explorer, do you wish to ascertain the source, direction, 
character, rate of flow and confluence of a river across your route? 
Surely, you do not reasonably attempt it by an examination of a single 
reach, or from a photograph of a single waterfall. Even so surely 
you may not gauge the possibilities of development, or estimate the 
potentiality or method of action of groups of characters, embraced 
in a hereditary strain, guided by dimly recognized forces for thousands 
of years, by the measurement of a preserved specimen. Phiysiological 
problems demand analytic methods of observation of living material. 

What ridicule might we not heap upon a botanist who attempted 
to make a study of geotropism from consideration of the dried ma- 
terial in a herbarium, The existence of such a form of reaction 
might indeed be recognized, but what futile ferences might be drawn 
as to its mechanism or the nature of the results. It seems unnecessary 
and superfluous to call attention to a generalization so obvious; yet 
that the necessity is not lacking is shown by the material that crowds 
the pages of our technical magazines and popular periodicals. 


Inadequate Treatment of the Subject 

Before proceeding with the main thesis it will be profitable to 
notice some of the most glaring of the inadequacies of treatment which 
have been recently exhibited, and to call attention to certain unsup- 
ported statements which so far have gone unchallenged. 

A vice-president of the American Association for the Advancement 
of Science. in a recent address, has taken oceasion to call up the 
mutation iheory, and assumes to have given it a test by “reexamining 
certain groups of birds and mammals, of which IT had previously made 
systematic studies, for the purpose of discovering evidence, if such 
exists, of the formation of species by mutation.” This author says 
that “for a quarter of a century I have been an earnest field student 
of plants in relation to geographic environment. These studies have 
convinced me that with plants as with animals the usual way im which 
new forms (subspecies and species) are produced is by gradual pro- 
gressive development of minute variations.” In regard to this com- 
prehensive statement ] may say that I have read practically every- 


VARIATION IN PEDIGHEL-CULTURES 209 


thing that Dr. Merriam has put into print coneerning his extensive 
and thorough field work in the west, and that I yield to none in my 
admiration of the wide inclusiveness of his results and the profitable 
manner in which he has treated incidentally the general features of 
the occurrence and distribution of plants. This appreciation is 
heightened by the fact that I have spent many seasons in the regions 
eovered by him during the last fifteen vears, and that I have carried 
on experimental work in the field and at the Desert Laboratory with 
many of the species which are ineluded in his generalizations. I have 
not been able to come upon the evidence, or reeord of evidence, upon 
which his sweeping statements relative to plants are based. although 
detailed studies upon the relation of plants to environmental factors 
have been in progress for some time. 

Dr. Merriam does not find any evidence to support the conclusion 
that species arise by mutation. It would be a matter of great sur- 
prise if he had. It wonld be as reasonable to have demanded of him 
the solutions of problems of respiration from his preparations and 
field notes. Once a mutant has appeared, no evidence of its distribu- 
tion can be taken to account conclusively for its origin, Although I 
have had many mutants under experimental observation, I should not 
he able to speak with reasonable certainty as to the origin of any of 
them, had I not ascertained it by guarded pedigree-eultures. It also 
follows that the systematists who announce and describe new forms as 
mutants, simply from preserved specimens, or from individuals. the 
origin of which is not a matter of careful observation, are following 
a wholly unwarranted practise. Several months ago [ had occasion 
to sav “that the ‘ naturalists.” as some zoologists term themselves, 
having made the greatest number of essays to offer a universal iterpre- 
tation of the problems of distribution, are to be credited with the 
greatest number of defenseless assumptions. In all genetic and evolu- 
tionary researches too much emphasis can not be laid upon the basal 
fact that the physiological and morphological natures of the two great 
classes of living things are so widely divergent that the derivation of 
universal biological principles from their apparently concurrent  be- 
havior must be made with the greatest caution.” Nowhere does this 
find hetter exemplification than in the unedifving results of a recent 
discussion of isolation as a factor in evolutionary action. A number 
of zoologists have assumed to speak of the distribution of plants, with 
apparently no basis exeept * general information” to the effect that 
closely related species do not have the same habitat. This has een 
variously put. but the general meaning is as given. Now such a 
conelusion is so widely inapplicable. and is so loosely guarded, as to 
he wholly without value as a statement of a principle in plant 
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geography and floristics. That the actual mechanical contiguity of 
two forms competing for the same conditions of habitat would result 
in some stress is to be taken for granted, but this vegetative struggle 
would by no means be severe enough in any case to eliminate one 
from any region. If the advocates of the idea that closely related 
species do not occupy the sane region take this ground on the assump- 
tion that hybridization disturbances would follow, here again would be 
an wuwarranted assumption. Readiness of hybridization is by no 
cans a measure of consanguinity, and any slight difference of habit, 
xo small] perhaps as not to be capable of description, might ensure pure 
fertilization. In the ease of forms differing by one or a few characters, 
Mendelian xplitting might operate to maintain the forms even if 
hybridization did oceur. 

The accompanying photograph of Opuntia fulgida and O. maniail- 
lat presents two formes so closely related that the latter has been 
taken as a variety of the former by some botamsts, but it has been 
found to be a distinct and physiologically unified strain, and worthy 
of specific rank. ‘These two forms are widely intermingled, though 
of course not many imstances of actual contact such as appears in the 
illustration are to be found. The flora in the vicinity of the Desert 
Laboratory, at Tueson, presents scores of similar examples among other 
species representing many genera. 

Aside from snch nisinterpretations, a prolific source of confusion 
lies in the widely different conceptions as to the nature of the taxonomic 
units used in zoological and botanical writings, as a consequence of 
which we haye some zoologists calling attention to the supposed faet 
that certain botanists of differing views have no real conception as to 
the nature of “species * and * varicties.? Such statements serve the 
useful purpose of emphasizing the disadvantageous prejudices under 
whieh their authors labor. 

While such misunderstandings contribute to hinder progress and 
confuse the subjects, the basal and underlying fault consists in the 
fact that taxononie and geographic methods are not in themselves, or 
conjointhy, adequate for the analysis, or solution of genetic problems. 
The inventor did not reach the solution of the problem of construction 
of a typesetting machine by studying the structure of printed pages, 
bat by actual experimentation with mechanisms, using printed pages 
only as a record of his snecess. Likewise no amount of consideration 
of fossils, herbarium specimens, dried skins, skulls or fish im alcohol 
may give any actual proof as to the mechanism and action of heredity 
in transmitting qualities and characters from generation to genera- 
tion, although from such historical data the general trend or direction 
of svccesston inay he traced. 
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AMisinterpretation of Results 


Beyond such mistaken attempts at an analysis of the problems, 
there is another series of difficnities that interferes materially with 
the advancement of knowledge of the subject. This consists in care- 
less, prejudiced or imistaken interpretation of results, having the 
force IM some Instances of actual misrepresentation. Such demonstra- 
tions do no final harm, yet they lefog a ditticult subject: with 
‘opinions * and * beliefs, they are quite out of place in any scientifie 
discussion. 

since I have had Giothera Lamarechiane, one of the plants which 
otter a favorable example of discontinnions variation in wnit-characters, 
under enltivation for several vears, [ am disposed to regard Dr. D. 5. 
Jordan’s recent statement concerning this plant as of the above char- 
acter, Tle says “it is not at all unlikely that the original Genothera 
Lamarchiana found in the field near Amsterdam was a hybrid stock, 
a produet of the florist. the behavior of its progeny being not unlike 
that which appears in the progeny of hybrids. It is moreover known 
that the seeds of hybrids of an Aimerican species, probably G'nothera 
Liennis, the common evening primrose, with other American species 
produced by Mr. Burbank, have been in the past years sold in the 
cities of Germany.” The well-informed botanist will be in doubt as 
to whether these statements are supposed to He mn * the plane of ether, 
or are to be taken literally. If seriously meant. carelessness as to the 
existence of records of the plant in question in several localities, long 
previous to the beginning of the activity of any living horticulturist, 
is shown. Moreover, material from these localities has been found to 
he in a mutative condition, It is unnecessary to cite facts so readily 
accessible in any well-appointed botanical library. The following will 
he of interest in connection with the statements quoted above: 

1. Numerous and repeated hybridizations between O. biennts and 
other species have been made without obtaining anvthing resembling 
OV. Lamerckiang in anatomy or behayier, Several mnit-characters are 
exhibited by O. Lamarchiana not found in any other species. 

2. O, yrandiflora obtained pure mn its erigimal habitat is now giving 
off mutants in the enlturcs in the New York Botanical Garden. after 
» manner generally similar to O. Lamarehkianad. 

3. The close examination of the evening-primroses shows that 
the several species are extremely localized. O. grandiflora, discovered 
by John Bartram in 1775. was unknown except in gardens, until re- 
discovered in the original habitat by Professor 8. M. Tracy in 1904, 
QO. parviflora has heen known in Europe at least since 1759 and has 
not heen seen in America until 1905, when some undoubted mdigenous 
specimens were found in Maine. During the interim the reasoning 
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shown above would have designated these two species as ‘hybrid’ or 
‘garden products.’ 

Tt is true, of course, that similar finality of evidence with regard 
to O. Lamarchiana has not yet been obtained, but it does not seem 
‘unlikely’ that it may come to hand when we are able to organize a 
search for it as well-directed as for the species named. Collectors are 
few in the region to be covered, and it might be manv vears before it 
could be traced to its habitat. even if it occupied a large area. To 
those interested in suppositions, however, the following from Miller 
(* Figures of the Most Useful and Uncommon Plants described in the 
Gardener’s Dictionary exhibited on Three Hundred Copper Plates 
Accurately Engraven after Drawings taken from Nature, Vol. IL, 
1760) will suggest the need of caution in the matter. He says regard- 
ing the “Tree Primrose with oval spear-shaped indented Leaves, and 
Flowers proceeding from the Wings of the Leaves on the Upper Part 
of the Stalk”: 


This plant is also a Native of North Ameriea; but was the first species 
of the Genus which was brought to Europe, so is more commonly seen in the 
Gardens than any of the other species. In some Parts of Europe, this is spread 
about from the Gardens in such Plenty. that it might be supposed a Native 
there. In a small Wood near Haerlem in Holland this Plant covered the 
Ground msomuech that many skilful Persons supposed it was a Native of that 
Place. But it may be easily accounted for; because the Gardeners who live 
near that Place, are chiefly Florists. and they annually change the Earth of the 
Beds in their Gardens; so by earrying out of their old Earth from their Beds, 
in which many of the Seeds were scattered the Plants came up there; and 
those being suifered to scatter their Seeds, had filled the whole Wood with the 
Plants. 

This differs from the first Sort, (described and figured as O. biennis) in 
having broader Leaves: the Stalks grow taller, and the Flowers are much 
larger. Both these Sorts will thrive in the Smoak of London better than most 
Plants. 


Ca 


The appended deseriptions and the plate (No. 189, dated 1757) 
very fittingly characterize O. biennis and O. Lamarckiana, and as the 
descriptions were made before O. grandiflora, the only known species 
which might be confused with O. Lamuarchiana, was discovered, this 
evidence is serious enough to give one pause in ascribing a hybrid 
erigin to the last-named. Meanwhile the mutation-theory, based on 
the conception of unit-eharacters, will neither stand nor fall by sup- 
positions or proof as to the ancestry of O. Lamarchiana. 1f this plant 
and all of its derivatives were obJiterated from our records. the facts 
in our possession well warrant current conclusions as to wnit-char- 
acters and their appearance and disappearance in hereditary strains 
in saltatory fashion. 

A certain literary freedom of expression is well illustrated by the 
following citation from a recent article hy Dr. Jordan in this maga- 
zine, in which he says: 
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Jn Myr. Burbank’s cross of the English walnut (Juglans regia) with the 
California walnut (Jugluns Californiea) the first generation shows a certain 
blending of the traits of one speeies with those of the other. In the next 
veneration appears every eonceivable kind of variation in every feature of the 
plant and in every funetion of its organs. 

The last sentenee offers a fair example of the misrepresentation to 
whieh Mr. Burbank’s horticultural work has been so profusely the 
object. A similar progeny of a hybrid oak is included in experimental 
eultures in New York, and the observer may readily see that the physi- 
ological possibilities are not exhausted in either ease. To illustrate 
the possible variations in form would require many milhons of indi- 
viduals, as may be seen when a simple computation shows that seven 
single differentiations would require more than sixteen thousand indi- 
viduals for their exemplifieation, if the characters behaved as indivisible 
units. If, however, qualities or characters are capable of modification 
or Variation, as indicated by the quotation, the number of different 
forms of any organ of the entire plant would be so large as to make 
estimates useless. Then again by what extended experimentation have 
the conceivable variations in every function been ascertained ? 

A wider range of literary license prevails in some recent articles by 
Mr. E. A. Ortmann. Among other inaccuracies he says: 

De Vries failed entirely to take notiee of this fundamental prineiple (inter- 
gradation), and to show that his elementary species and his mutations are 
not eonneeted by intermediate forms. 

Although somewhat familiar with ‘Die Mutationstheorie’ and 
‘Species and Varieties.” no explanation occurs to me to account for 
this mistaken statement. .\ few combination forms were found and 
faithfully recorded by de Vries, but these were certainly not inter- 
erades, whatever might be said of them. 

Mr. Ortmann’s discussions introduce a novel feature, in his estimate 
of the futility of experimental methods, which has the sole merit of 
boldness, coming at a time when the greater number of workers in the 
subject are turning from discussions and statements of opinion to 
actual observations. A mistrust is shown by him of experiments 
Sunder artificial and unnatural conditions, as for instance in the 
hotanical garden, or with domesticated forms.” Several months ago 
the following characterization of this attitude was given in a paper on 
the subject ? 

Popular belief in the influence of environment and the inheritanee of 
aequired characters finds its commonest expression in ‘that plants have been 
changed by cultivation.” Domesticated raees are spoken of as ‘garden forms’ 
by botanists and hortieulturists, with the implication that they are specialized 
types resulting from the eifeets of tillage. Now so far as aetual eultivation 


is concerned, this assumption is without foundation, since at the present time 
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no evidence exists to show that the farm. garden or nursery has ever produced 
alterations which were strictly and continuously inheritable. or were present, 
except under enyirenic conditions similar to those by which the alterations 
were induced, although vague statements and erroneous generalizations to the 
contrary are current. It it true of course that structural and physiological 
changes may be induced in a strain of plants in any generation, which may 
persist ina share to the second, or even in some degree to a third, but no longer. 

So far nothing has heen offered which would tend to disprove these 
conclusions. 

It is by no means intended to maintain that the stream of heredity 
may not be altered by the action of external agents, and the possibility 
of having such changes ensue in experimental cultures beckons with 
alluring finger to the observer. So important do I hold this aspect 
of the matter, that a series of experiments. vet in progress, were 
hegun previous to the mutation cultures, and these tests have leen 
continued and expanded until one plant is now undergoing culture in 
New York, Jamaica, and in connection with the Desert Laboratory, at 
sea-level and altitudes of 2.500, 5.000, 6.000 and 8.000 feet. and under 
conditions widely different from those prevalent in its origimal habitat. 
Tf at the end of the decade, this. or any other of the species under 
test, shows any transmission of the characters induced by the various 
Joealities, the care and work necessary in the experiments will be richly 
rewarded. In this comment reference is had to factors presented by 
tillage. or entering into the environment of plants in their native 
habitats. 

Announcement has heen previonsly made that inutations, breaks, 
saltations or discontinnous action may be caused im inheritance by 
forces external to the protoplasts and cells. which are the true hearers 
of the hereditary characters (see p. 17). 

The technique of the methods hy which such changes are induced 
might be simulated by the action of vaseous emanations. from the soil. 
radio-action. foreien pollen, or by the stings and incisions of insects. 
but certainly these possible factors would he as potent with wild as with 
cultivated plants. as may be seen in the description of the manner in 
which snch changes have heen produced. 


The Method of Pedigrer-cullures 

The importance of pedigree-cultures of plants as a means of tra- 
cing the course and action of heredity has been notably emphasized hy 
recent investigations, and it will he profitable to go into a detailed 
statement of the manner in which experiments of this kind are carried 
out. One of the most striking developments of methods of research 
in botany has been the continually increasing extent to which taxono- 
mists are having recourse to observations upon growing material in 
hotanical gardens and experimental grounds. In the determination of 
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dificult problems of relationslip, it 1s becoming more and more cus- 
tomary to secure the individuals representing the doubtful forms and 
cultivate them under identical conditions, thus securing data for com- 
parison and analysis, representing all stages of development of the 
sporaphyte from the seedling to the mature fruit. The record of im- 
portant questions which haye been solved in this manner is a long one, 
and ineludes the investigations of Alexis Jordan on Draba. Sargent 
on Crategus, Wittrock on violets, Britton and Rose on Crassulicee and 
scores of other less extensive researches. 

If the observer becomes interested in the hereditary action of his 
plants in addition to a comparison of their anatomieal and physio- 
logical qualities, it then becomes necessary to follow his plants from 
generation to generation to ascertain to what extent and in’ what 
manner variation may ensue. 

The first step in this work is to secure purely fertilized. seeds. 
Hybridization is not common among plants except in a few genera, 
yet in tests which must continue for a number of vears every precaution 
must be nsed to ensure accuracy of results. The observer, therefore. 
covers the tmopened flower buds of the individuals front which he 
wishes to procure seeds with bags of paper. or other suitable tissue. and 
then makes sure that pollination is secured spontaneously, or by hand, 
with no danger of admixture of any kind. 

In due time the ripened seeds. with photographs. notes and proper 
herbarium material, are taken from the parental individuals. © With 
the first lot of seeds on hand. the next step is to make a pure culture 
from them. To do this a quantity of soil of the proper consistency 
is secured, and while in a moist condition is heated to the boiling point 
of water in an oven on two sueceeding davs, or, better stil, to a higher 
temperature In an autoclay for four or five hours. The treated soil 
may now be stored to be used as wanted. but at all times it must be 
euarded from possible contamination by the intreduction of foreign 
seeds, 

Seed-pans. of earthenware, or shallow wooden boxes are next se- 
evred and thoroughly washed in clean water and filled with sterilized 
soil, after which they are set in place in a cold frame, or in a green- 
house or germination chamber, As each pan is to he nsed it is taken 
to a special operating table, and the selected seeds are sown directly 
from the packet. so that from three to five hundred (in the case of smal] 
seeds) are evenly distributed over the surface. A thin even laver of 
earth is sifted over the seeds, a wooden label is affixed to the pan, 
siving all necessary data. and the pan is returned to its place in the 
culture room. Tf more than one species is hemg tested at the same 
time, the ereatest care must be used ta prevent admixture. and the 
remnote separation of the pans may he necessary. The splashing of 
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Fic i. SEED-PANS AND SEEDLINGS IN PEDIGREED CULTURES IN PROPAGATING 
HousE, NEW YORK BOTANICAL GARDEN. 


water from a hose, the contact of the nozzle or of the spout of a 
sprinkler, the eareless brushing of the sleeve or the hand against the 
dirt. may result in the transferenee of seeds and the vitiation of the 
results of years of labor and eare, especially if a complicated series of 
tests is under way. 

Having observed all the above preeautions, the seeds finally sprout 
in due time, unfold the seed-leaves and begin development. The 
remote possibility is to be taken into aeeount that the parental indi- 
viduals may have been hybrids and that this, the second, generation 
may illustrate the resolutions, combinations, dominaney and reeessivity 
of the ancestral eharacters. If, however, no sueh differentiation be 
encountered the observer has before him a progeny whieh by the mul- 
tiplication of his sced-pans may be made to inelude as many individuals 
as might be found in a great geographieal area during any season. 
The aecurate examination of this material, and of that offered by sue- 
ceeding generations may reveal evidence of the highest interest, bearing 
upon various problems in heredity. It is to be noted that if guarded 
seeds were not obtained for the beginning of the test, the more impor- 
tant work must await the second generation under culture for its 
beginning. 

In even the first examination of the progeny of any physiologieally 
unified stram it will be evident that some diversity of form and appear- 
anee is present. This variability is generally of the fluetuating type, 
that is, the entire number of individuals present may be arranged in a 
series with respect to any quality. Thus, if the one with the narrowest 
leaf-blades and the one with the widest are placed at opposite poles, the 
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others may be arranged in a continuous series which shades by the 
smallest increments from one to the other. In making such an ar- 
rangement, it will be found that the greater number resemble, or he 
near, an individual or group of individuals at some place along the 
line between the two extremes. Statistical measurements of this or 
any other quality may he made, and the position of the norm of the 
type determined aceurately, as well as the range of variability. In like 
manner, the correlation between any two characters or qualities may be 
worked out. Now, having in hand such a mass of data from the initial 
eulture, a fair basis is had for taking up various questions. Thus 
a succeeding generation night be grown in soil deficient of any nutri- 
tive faetor, or poor in all of them. in rich soil, or in a substratum 
highly eharged with any element, or at unusual temperatures for the 
purpose of determining the extent and manner in which the range of 
variability may be altered by such special treatment, and this may be 
aceentuated by the continuance of the test in successive progenies. 

Then again the pedigree-eulture offers a fair opportunity for a 
demonstration of the influence of the effeets of selection upon the range 
of variability and the mean value of any quality. Comparative cultures 
of seeds taken from the widest-leaved individuals with those of the 
narrower leaves will tend to show the result of such selection, especially 
if the selection is continued through several generations. In all these 
tests it is assumed that the seeds for the following generations should 
in all instances be guarded as directed above and sown in sterilized soil. 
With such close series of cultures the question of self- and eclose-fertil- 
ization might arise, and here again the culture affords invaluably exact 
material for a test of a subject upon whieh but little definite informa- 
tion exists. 
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FIG. 2. SEED-PANS AND PLANTLETS OF Crateegus, IN PURE CULTURES, ARNOLD ARBORETUM 
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The possibilities of the pedigree-enlture are by no means exhausted 
with covering the above points. especially if the plants chosen for the 
objects happen to be capable of vegetative reproduction, that is by cut- 
tings or slips. in which case comparisons should be made of progenies 
grown from seeds of the plant with wide leaves with individuals grown, 
from slips of the same, and also compared with others from the extreme 
end of the series. 

It is by undiseriminating discussions of horticultural operations 
involving seed-seleetion and hybridization, followed hy vegetative propa- 
vation, that the public mind has become confused as to the nature and 
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FIG. 3. EXPFRIMENTAL GROUNES SHOWING PEDIGREED CULTURES OF Gvnothera 
IN NEW YORK BOTANICAL GARDEN. 


possibilities of selection, notably by the * popular” and pseudoscientific 
descriptions of the thorough work of Mr. Burbank. By snecessive selec- 
tions certain features. such as size or quality, of a fruit are forced to a 
maximum development perhaps in a single plant, or may be in hun- 
dreds, after which the desirable quality is carricd along. or propagated, 
in quantity by euttings of the original plant, thus excluding a possibility 
of a return to the average halit of the species. 

Or. in hybrid combinations and resolutions, the desirable constitu- 
tion of some horticultural form may he secured only after the most 
highly complicated and repeated crossing, with a result too complex to 
he easily analyzed. With one desirable individual at band which pro- 
duces nuts, berries. cherries, apples, potatoes or plums, or timber, it 
may be made to produce hnndreds and thonsands exactly like it merely 
by nsing its bids and branches for grafting and budding or propagating. 
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The use of seeds of the desirable form, either from the ortginal or from 
any of its derivatives, might give play to all the complex activity of 
the splitting of hybrids and of the free play of fluetuating variability. 

During the course of study of the fluctuating variability of a species, 
by means of successive generations grown from purely fertilized seeds. 
the observer may be so fortunate as to encounter individuals which do 
not fit into bis series by reason of the possession of some quality not 
visible in the greater number of the progeny, or by the lack of sueh 
qualities. Thus in a progeny of red-flowered plants one may be en- 
countered which has white bloom, or an mdividual with laciniate leaves 
may come ina pure progeny the remainder of which has entire leaves, 


Fig 4 Opuntia fulaida axp O mammillata GROWING IN CONTIGUITY IN THE 
VICINITY OF DESERT LABORATORY, TUCSON, ARIZONA. 


ora Wholly glabrous specimen may be in a hairy progeny. or an indi- 
vidual may depart from the progeny in all these particulars. In either 
ease it is apparent that the variability here is not one of the madifica- 
tion of a character. but hy the total accession or loss of a character, and 
the variability is therefore a discontinuous one. In the progenies im 
Which such variants have been seen hitherto. they form a proportion 
never larger than six or cight per cent. of the whole number and ven- 
erally in much less quantity. Jf such mutants or saltatory variants he 
found, they should he closely followed, as they may frrmish the observer 
with facts of the greatest value. Care should he taken to seeure purely 
fertilized seeds and a minute anatomical examiation should be made 
of the entire plant, with special respeet to the characters in which it 
appears to differ from the mass of the fluctuating variants around the 
type. 
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The seeds secured from such mutants should be sown as directed 
above. and as many individuals as possible secured for comparison with 


ROSETTE OF Raimannia odorata. 


Fic, 5. 


the parental type, which should 
be continued as before. If now 
the individuals of the mutant 
progeny are placed in a_ series 
with respect to any given quality, 
statistical observations may show 
whether it is included within the 
range of fluctuating variability 
of the parental type. The ques- 
tion therefore as to whether a 
plant is a continuous or discon- 
tmuous variant is one of simple 
Ineasurement and estimation of 
qualities, not a matter of opinion. 
With that simple question easily dis- 


posed of, the investigator may next turn his attention to the correlations, 
a phase of the question of vivid interest, since the sparse data at hand 
seem to point to a wider range of variation and less degree of correla- 


tion in such mutants than in the parental type. 


That is to say, instead 


of mutants being derived from forms showing widely fluctuating varia- 
bility, we have them appearing in the progenies of species in which the 
range of variation is small and the correlations close, while the deriva- 
tives themselves swing through a wide range of fluctuations. 


As a complementary means of 
investigation of the constancy and 
independence of the various char- 
acters dealt with in selection and 
mutation as observed above, hy- 
bridization forms an invaluable 
means of analysis, and is to be 
constantly resorted to in all stages 
of the various phases of the work, 
since in the observation of the be- 
havior of unit-characters in com- 
ination and after resolution the 
clearest appreciation of their char- 
acter may be reached. 

Still another phase of variability 
is that in which ihe greater portion 


ROSETTA OF MUTANT OF Raiman- 
nia odorata INDUCED BY CHEMICAL TREAT- 
MENT OF OVULES. 


Fic. 6. 


of an individual will be found to comply with the requirements of a 
continuous series. but which bears a braneh or portion of a braneh which 


differs notably by the loss or acquisition of characters. 


Although all 
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discontinuous variations or mutations are essentially vegetative, vet 
these are generally termed so exclusively. It is to be noted that such 
sports, or mutants, when closely fertilized, come true to their aberrant 
characters. Among other numerous conclusions sustaining this point. 
one which has recently come to notice again is that of Kerner,’ who 
said : 

The fact is that all plants may at some time sooner or later produce an 
aberrant branch, which differs from the parental type in many characters, and 
numerous phenomena force us to the conclusion that under the conjunction of 
favorable circumstances such aberrants would become the starting points of new 
species. 

In the context the author is careful to point out the limitations of 
such a method of origin of fornis. 


Fic. 7. Gesnothera biennis, THE COMMON EVENING PRIMROSE 


Actual pedigrees from such sports or aberrant branches have been 
tested. In one instance by de Vries and in two others by myself, with the 
unanimous result that they were found to be constant to their aberrant 
characters. 

Having carried on such pedigree-cultures with a large number of 
species for several vears and having encountered some which did and 
others which did not give rise to aberrant individuals, attention was 
directed to the possibility of inducing changes in the hereditary ele- 
ments mn such a manner that the qualities transmitted would be altered 
or destroyed. A theoretical consideration of the subjeet seemed to 
indieate that the changes constituting the essential operation of muta- 
tion ensued in a stage previous to the reduction divisions in the embrvo- 
sac. or the pollen mother eells. It was planned therefore to subject 


** Die Abhiingigkeit der Pilanzengestalt von Klima und Boden, Innsbruck, 
S69, 
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these structures to the action of chemical agents, not ordinarily en- 
countered by the elements in question, at a time before fertilization 
occurred, The tests were planned to include the use of a solution of 
high osmotic value, and mineral compounds. some of which are toxic 
in concentrated solutions and stimulating in the proportions used. 
The probability of success would be heightened with the number of 
ovules contained in any ovary operated upon, and therefore the common 
evening-primrose, Gruothera bieunis, 
Raimaunia odorata a relative of it 
and a immember of the same family, 
Beygouta, Cleome, Abutilou, Sphe- 
ralcead and Meutzelia and others 
were experimented upon. Without 
recourse to the detail of the work, 
it may be stated that the nse of 
radium preparations, sugar solutions 
(10 per cent.), and solutions of 
calcium nitrate one part in one to 
two thousand of distilled water with 
capstles of Rutmauuia odorata, and 


zine sulphate in a stronger solution 
used with Q@uothera bienuis, was 
followed Jy very striking results. 
In the first-named plant, there ap- 
peared in the progeny obtained from 
a few capsules of one individual, sev- 
eral individuals which were seen to 
diifer notably from the tvpe with the 


Fic, 8. MUTANT OF THE COMMON EVEN- 
ING PRIMROSE, INDUCED BY TREATMENT appearance of the cotyledons, and, 
OF OVULES WITH SOLUTIONS OF ZINC SUL- 


as development proceeded, it) was 
evident that a mutant had appeared 
following the injections and nowhere else, and thus to have some direct 


PHATE, 


relation to the operation. The characters of the newly arisen form 
were so strikingly aberrant as to need no skill in their detection, The 
parent was villous-hairy, the mutant entirely and absolutely glabrous, 
the leaves of the parent have an excessive linear growth of the marginal 
portions of the leaf-blades and hence become fluted; the excess of 
erowth in the mutant lies along the midrib and the margins become 
revolute. The leaves are widely different in width, those of the mutant 
heing much narrower. The parental type is of a marked biennial haat 
and near the close of the season the internodes formed are extremely 
short. which has the result of forming a dense rosette; the mutant 
forms no rosette hy reason of the fact that the stem does not cease, or 
diminish its rate of elongation. and hence presents an clongated leafy 
stem, which continues to enlarge as if perennial. The first generation 


[AGIA LION IN PEPIGREL-CULLUCEES 223 


of the derivative came to bloom at the beginning of the present year, 
and bare mention of the existence of the derivative was given in a lecture 
hefore the Barnard Botanical Club at that time. The real value of the 
changes induced however lay in the transmissibility of the newly exhib- 
ited qualities. The flowers of the mutant were elosely guarded and as 
soon as seeds were obtained these were planted to obtain a second gen- 
eration. A few plants were obtained, which in every particular con- 
formed to the new type and exhibited no return to the parental type. 

Injections of the ovaries of Gnathera biennis were followed by the 
production of one individual, whieh was recognizably different from 
the parental type in many qualities, some of which were plainly ap- 
parent even in the earliest leaves of the seedlings. These differences 
have become accentuated with the adult plant and are graphieally illus- 
trated by figures T and 8. The sueceeding generations of this mutant 
are vet to be tested. The parental form has been under observation 
for five vears In enltures and in a wild condition, An aberrant form, 
Which appears to be ever-sporting, has been previously figured, and 
while this form appeared in the injected or treated seeds in a normal 
proportion, vet the newest aberrant has not heen seen elsewhere. The 
prohalnity must be taken into account that it may he a mutant of rare 
occurrence. the evele of which came within the experiments, but in 
either case it is plamly a mutant, and it only remaims to be seen whether 
or hot it was induced by the action of the zine solution. The presump- 
tion sees to favor such an attirmative conclusion. 

In finding our way about in the voluminous literature of evolution 
it must be borne in mind that the subject embraces the origin and 
development of the universe, and that it has engaged the serious atten- 
tion of workers in all branches of knowledge. ‘Phe multipheity of 
viewpoints has resulted in the greatest diversity of conclusions as a 
necessary concomitant of widely differing methods of approach to the 
subject. Much that has heen written coneerning the subject is of a 
purely literary or polemical character. embodying prejudices. general 
opimions and heliefs, putting forward conclusions drawn at long range 
from attempted interpretations of the results of investigations not 
properly considered, and brought out for the sole purpose of swaying 
opinion or intinencing sentinent. All work of this character as welt 
as narrow and insecnrely founded investigations are futile and inef- 
feetnal except to befoe the subject and hinder progress. 

The problems meluded in a study of organic evolution are essen- 
tially physiological, and the elueidation of the mechanism and aetion 
of heredity by which qualities, characters and capacitics are transmitted 
froin generation to generation may be accomplished only by aecurate 
observations and experimental tests with active or living material. 
The examination of preserved material not mm hereditary series, or the 
wide generalizations derived from geovraphic studies, may not con- 
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tribute to the progress of exact knowledge of genetics, or methods and 
manner of inheritance. 

The combined and organized efforts of all the botanists in the 
world coneentrated upon all the herbaria in existence would add but 
little to existing conclusions upon this subject, if we may judge by past 
achievements or immediate promise, while the most precise information 
upon geographieal distribution can be of interest only in deciphering 
what has been accomplished, what forms exist and where, the factors 
influencing their movements, and where these have probably originated. 

To appreciate the mechanism of heredity an exact knowledge of the 
nature and behavior of the bodies which form its physical basis must 
be gained. ‘To ascertain the action of heredity, statistical and accurate 
observations must be made upon long series of pedigreed progenies, and 
these must be carried out in such manner that environmental condi- 
tions may be either controlled or their influence measured. Pedigree- 
culture, first extensively apphed by de Vries to clovers, teasels, poppies. 
snap-dragon and evening-primroses with such marked success, and now 
used by many workers with animals as well as plants. has proved to he 
one of the most etficient forms of research vet used ly the biologist. 
and its usefulness is hardly beginning to be realized. The various 
phases of selection, the accurate measurement of fluctuating variability, 
correlations, the amount and character of the influence of enyiron- 
mental factors, the eifects of close and cross breeding, and the detection 
of saltatory variations may be accomplshed under cireumstances which 
allow a thorough and exact appraisement of the general physiological 
value of such phenomena by the use of eultures in continuous series. 

While the phases of evolution are generally estimated in terms of 
origin or formation of speeies, the basal problems of heredity are not 
especially concerned with the taxonomic estimation given by this author 
or that author as to the taxonomic standing of any form, nor does it 
matter whether it is a subspecies, elementary species or ‘real’? species. 
The questions of evolution are to be answered by the acquisition of more 
accurate knowledge concerning the aecession, modifieation or loss of 
funetions, eapacities and echaraeters of physiologically unified groups 
of organisms, regardless of the neeessarily more or less artificial ap- 
praiseinents of taxonomy. The briefest review of reeent literature 
will reveal the widest diversity of opinion between botanists and zoolo- 
wists, and also unexplainable differences among botanists and zoologists 
as to the species-conception. The value of discussions into which such 
possible differences may enter is not enhanced by this faet. 

The earrying out of pedigree-cultures in New York has revealed 
the occurrence of discontinuous variants or mutants in Gnothera 
hicnnis, and O. grandiflora among the species tested, in addition to 
furnishing ample exemplification of the derivatives of O. Lamarckiana, 
as described by de Vries. Mutations in other genera await further 
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test and observation, a matter whieh may oceupy some time, before 
final announcement. 

Despite general assertions to the contrary, no evidenee has yet been 
obtained to prove that the influence of tillage, ‘ cultivation,” or the mere 
pressure of environmental factors has produced any permanent changes 
in hereditary characters of unified strains of plants. 

The above is not meant as a sweeping assertion that inherited char- 
acters may not be affected by agents external to the protoplasts that 
bear them. On the contrary, the experiments now well advanced and 
eonelusively verified, first announced in December, 19054, and here 
deseribed for the first time, show that saltatory inheritance has been 
indueed by the action of external agents upon the ovules of two species 
of seed-plants.? The alterations in question consist in the total sup- 
pression of some qualities of the parental form and the substitution 
therefor of new characters or of a total gain of new qualities in some 
instanees, and the differentiating points between the parental form and 
the derivative are both anatomical and physiological. 

The atypie form which has been tested to the second generation in 
one species is found to constitute a mutant in the sense in which that 
term is used by de Vries, and is a real and actual departure from the 
course of the hereditary strain. The eapacity of the mutants induced 
in this manner for survival would depend entirely upon the enviren- 
ment into whieh they might be thrown. 

If we seek a similar possible intervention of external forces which 
might act upon the plant unaided by man, we might find sueh influence 
coming from radio-aetive substances, such as spring- and rain-water, 
or from the effects of sulphurous and other gases which are being set 
free in numberless localities, or the protoplasts most nearly in contact 
with the egg-apparatus may well exerete substanees whieh would pro- 
dnee the same effect, without regard to the forees whieh originally 
raused the disturbances in the extra-ovular tissue. Lastly it is to be 
said that the actual teehnique of injection might be imitated in a 
measure by the action of foreign pollen which might find lodement 
on the stigmatic surfaces, and sending down tubes through the stvle 
introduce unusual substanees to the viermty of the egg-cell without 
participating in normal fertilization, which would ensue in the cus- 
tomary manner. Lastly it is to be said that it would appear that a 
most prolifie source of sueh disturbances might be expected to result 
from the stings and lacerations of insects, or the action of parasitic 
fungi, both sources of the most profound morphogenic alterations in 
somatic tissues, profusely exemplified by the well-known gall forma- 
tions of plants. 


*MaceDougal, ‘ Heredity and Origin of Species.” Reprinted in advance 
from the Monist for January, 1906. and distributed December 1s, 1905, 

*The possibility is net exelnded that the reagents may have affected the 
clongating potlen-tubes. 
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AMERICA AND SEISMOLOGICAL RESEARCH 
By Dr. WILLIAM HERBERT HOBBS 


UT a few years ago, the American naval officer serving his tour of 
duty upon the European station found in the antiquated vessels 
in whieh he was compelled to appear a constant source of mortification. 
This condition has now passed, and it is the geologist who in his turn 
is humiliated as the modern Enropean earthquake station is opened 
for his inspection. A great earthquake upon American home territory 
has been registered by all first-class seismographs throughout the 
world, and the records have been collected for comparison and study 
at central stations. It is the kindest thing to say of the American 
records that they are a negligible quantity—for measured by modern 
standards they are—but unfortunately their inelusion in the autograph 
albuins of the California earthquake of 1906 does not allow them to 
be overlooked. Thus the backwardness of our country in a most im- 
portant branch of the great science, in whieh we had perhaps thought 
ourselves entitled to some respeet, is patent to all. 

It will hardly be claimed for us that the United States offers no 
opportunity for earthquake investigation. In 1811 a devastating 
quake affeeted a large area in the central Mississippi Valley, in 1872 
oeeurred the great Owens Valley earthquake in Nevada, and in 1887 
the Sonora earthquake of even greater violence; not to mention the 
Charleston and the recent California seistus. Lighter shocks have 
been frequent, and the greatest of earthquake authorities, the Count 
de Montessus de Ballore, showed some years ago that New England, 
the St. Lawrenee Valley, the central Atlantic coast generally, the 
central Mississippi Valley, and above all the Paeific coast of the United 
States, mnst be regarded as notable earthquake provinces. 

The better to understand our true position, let us consider what 
has been accomplished in earthquake investigation within the last ten 
years. First, and most important, the laws of earthquake distribution 
have been determined, and the relation of earthquakes to topography 
and geology has given us a new branch of seienee—seismie geography. 
This is almost exclusively the work of one man, the Count de Montessus 
de BaHlore, major of artillery in the Freneh army, who has given the 
better part of his hfe to this arduous labor. 

From a wholly different direetion the problems of earthquakes have 
been approached through the perfeeting of seismometrographs, until 
they register all great seisms of our planet. however distant. This 
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point reached, an entirely new field has been opened before our eyes. 
The new autographs of earthquakes have characters dependent upon the 
distances the waves have traveled to produce the record; so that the 
observer at a station can unaided give the distance of the disturbance 
within 50 miles, an error negligible in view of the extended area dis- 
turbed. 

By combining records made at several widely-separated stations, 
not only the distance from a given station, but a sufficiently exact 
location for each quake, is easily obtained. To have developed a great 
system of some forty such stations, scattered throughout the length 
and breadth of the globe, is the great service rendered to science by the 
British Association for the Advancement of Science, especially, and 
by the leader of its Seismological Committee, Professor John Milne. 
Thus it has been revealed that the great earthquakes of the planet are 
twentvfold more numerous than those reported by observation tn situ, 
and that most of them occur upon the floor of the ocean, where other 
methods of observation would have failed to reveal their presence. 

The analysis of the complex of waves registered in the seismogram 
is extending our knowledge of the nature of the earth’s interior, and 
affording the solution of problems which, in importance and in difficulty 
of approach from other directions, can only be compared with those 
now being solved by the study of radioactivity. 

No attempt to sum up the achievements of seismological research 
during the past ten years should fail to note the fact that the Japanese 
have for systematic and thorough study of the general problems, but 
even more for the practical applications of these investigations to the 
amelioration of the conditions in an earthquake-tormented country, 
taken the first place among the nations. Italy, also, with almost a 
score of stations of the first rank and with two hundred correspondents 
scattered throughout its small territory (to telegraph the first news of 
a quaking to the main office at Rome), has played no mean part in the 
advance of the science. 

The center of earthquake investigation upon the continent is now. 
however, the Imperial German Chief Station for Earthquake Investi- 
gation at Strasburg. Professor Gerland, its director, now issues the 
annual catalogue of earthquakes, and he has the credit of having organ- 
ized, in 1903, the International Seismological Association, and of hav- 
ing founded its journal, the Bevtrage zur Geophysik. The work of the 
station now devolves largely upon his highly-trained assistants, Pro- 
fessor Rudolph and Dr. Sieberg. 

The writer assumes that a beneficent result may be expected to 
follow from the frightful calamity at San Francisco in the stimula- 
tion of seismological research in America; so that we may later take 
our proper share of both the labor and its rewards. The start can 
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easily be made too hastily. There is much contention over the merits 
of the different types of seismometrograph, which differ as widely as 
possible. It is perhaps not strange, in view of the new vistas opened 
for discovery, that the analysis of the records from some instruments 
not provided with compensating devices has brought out waves sup- 
posed to originate in the earth, which exist only in the vibration 
periods of the instruments themselves. 

America’s broad extent and her outlying territories and_ protec- 
torates (Alaska, Cuba, Porto Rico, Panama, the Philippines, Hawaii, 
Guam and Tutuila), offer her special advantages for a correlated 
system of earthquake stations; but she will do well to wait until her 
prineipal station has been well established, her type of seismograph 
determined, and a corps of trained expert observers found. This will 
require some time, and can be greatly hastened if pride be put aside 
and some one of the thoroughly trained men available in Europe be 
invited to superintend the erection of the first earthquake station. 

Some sacrifice the pioneer must always make, and so it happens 
that the English stations are fitted out with a type of instruments 
already obsoleseent. On the point of establishing her outlying  sta- 
tions (German East Africa, Shan Tung, Samoa), Germany will be 
more fortunate. The maker of scientific instruments for almost the 
entire world, she has steadily perfected her types before Jaunching 
upon the larger undertaking. America will have at least the con- 
solation of profiting by the experience of the other nations during the 
past ten years, and there is need for much study of it. 

The recent investigation of earthquakes has thus developed along 
two somewhat different lines: (1) the macroscopie study upon the 
ground of felt quakes, undertaken by men trained as geologists; and 
(2) the microseopic investigation of the distant, large, locally ‘ unfelt’ 
quakes, undertaken at special earthquake stations by men traimed as 
physicists. There is much need that these different lines of endeavor 
should be brought into as close a wnion as possible, for only throngh 
mutual support can the best results be achieved. As Dr. Sieberg, the 
secretary of the Strasburg station, told the writer, the more ditticult of 
the seismograms afford equivocal data if not checked by the reports 
* from the dield: 

The American Assoetation for the Advancement of Seience brings 
the geologist into association with his brother the physicist, as well as 
with many other scientists who take an interest in imvestigations of 
such general interest as those upon earthquakes. The writer takes this 
opportunity to urge that the association follow the glorious example of 
its British cousin and seleet from its membership a committee to wateh 
over the interests of seismological research in America and to direct 
the course of legislation in accordance with its teachings. 
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IMMUNITY IN TUBERCULOSIS?! 


By SIMON FLEXNER, M. D. 


ROCKEFELLER INSTITUTE FOR MEDICAL RESEARCH, NEW YORK CITY 


i CAN not begin this address without delaying a moment to testify 

to my sense of the great honor which has been conferred upon 
me by vour invitation. Neither can I proceed with it until I have 
expressed to vou my conviction that there are persons present in this 
audience whose scientific work on tnberenlosis makes them far abler 
than I to discuss the complex problem of immunity in tuberculosis. 
My work in bacteriology in the past has not Jed me to an especial con- 
sideration of the highly important problem of the prevention and cure 
of tuberculosis, and I can therefore account in no other way for my 
selection to address you this evening than that vou desired this topic 
presented to vou from the point of view of one who has done some 
work in the general field of bacteriology. 

The modern study of tuberculosis, as you know, begins with the 
generation which immediately preceded the epoch-making discoveries 
of Koch. It may, I think, be said with justice that this study was 
inaugurated by the first purposeful transmission by inoculation of the 
disease from anima] to animal. For whatever may have been the specu- 
lations upon the infectious and transmissible character of the disease 
before this demonstration, yet the demonstration was necessary before 
further steps in the elucidation of the cause and prevention of the 
disease could be taken. Koch in his masterful monograph gives the 
credit of successful inoculation to Kleneke, who in the year 1843 sue- 
ceeded in inducing an extensive tuberculosis of the lungs and liver 
in rabbits by inoculation with portions of mihary and_ infiltrating 
tubercles from man. Klencke, after accomplishing this result, did not 
continue his investigations and they were consequently soon forgotten. 
In the meantime Villemin’s experimental investigations were begun 
and pursued to a suecessful termination. He inoculated not only with 
tubercular material from human beings, but also from cases of bovine 
tuberculosis, and he seemed to have proved experimentally the identity 
of the latter disease with human tuberculosis. Villemin’s researches, 
from the number of his experiments, the careful manner in which they 
were carried out and the employment of suitable control experiments, 


* Address delivered at the joint meeting of the Association of American 
Physicians and the National Association for the Study and Prevention of 
Tuberculosis, held at Washington. D. C.. May 16, 1906. 
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appeared to decide the question in favor of the infeetive theory of 
tuberculosis. The numerous workers who repeated Villemin’s experi- 
ments, after the same or modified methods, arrived at very contradic- 
tory results. The opponents of the infective theory strove to prove 
that true tuberculosis could be induced by inoculation with non- 
tubercular material. To the decision of this question Cohnheim and 
Salomonsen contributed largely by selecting for inoculation the anterior 
chamber of a rabbit’s eye. The great advantage which this method 
possesses over all others arises from the fact that the course of a sue- 
cessful tubereular inoculation can be watched throughout by the experi- 
menter until the pathological process has advanced so far that the whole 
organism—the neighboring lymphatic glands, the lungs, spleen, liver 
and kidneys—becomes tuberculous. A further point in favor of this 
method of inoculation is that spontaneous tuberculosis of the eye has 
never been observed in rabbits. It was reserved for the genius of Robert 
Koch to discover nearly twenty years later, in 1882, by the employment 
first of an original staining method, the tubercle bacillus in sections of 
tuberculous organs, and next by the use of a special method of artificial 
cultivation, to secure growths of the bacillus free from all admixture 
with extraneous matter. With these pure cultivations he succeeded, as 
you well know, in reproducing in certain domestic animals all the 
characteristic appearances of tuberculosis in man. Furthermore, Koch’s 
studies of this period convinced him of the unity of causation of the 
various tubercular affections met with in man and also of those met 
with in the common domestic animals. Refusing to be daunted by the 
fact that tuberculosis tends to appear under different aspects in each 
species, and directing his attention not upon the gross appearances of 
the disease, but focusing it upon the microscopical appearances of 
the primary tubercle, which as he said recurs with typical regularity 
in all the different processes in man, Noch recognized the essential 
identity of the apparently widely different forms of tuberculosis in the 
various species of animals. It does not detract from the immense value 
of his work that Koch failed to distinguish between the tubercle bacilh 
isolated from the tubercular tissue in fowls, cattle and man. This 
failure was by no means accidental, for the possibility of the existence 
of differences in nature of the cultures depending upon their origins 
was clearly in his mind. Many of you will recall the long list of eul- 
tures which is given in the paper on tubereulosis published in 1884. 
In regard to this list Koch says: “It may cause some surprise that so 
relatively large a number of cultures was set on foot when a few would 
have sufficed for observing the behavior of bacilli in cultures. It 
seemed to me, however, not improbable that though bacilli from varying 
forms of tuberculosis—perlsucht, lupus, phthisis, ete., presented no dif- 
ferences microscopically, yet, that in cultures differences might become 
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apparent between bacilli from different sources. But although I 
devoted the greatest attention to this point, I could find nothing of the 
kind. In all the cultures, whether taken from miliary tubercles, lupus 
or perlsucht, the tubercle bacilli behaved exactly the same.” 

Our knowledge of the nature of the tubercle bacillus has been 
increased until at this time several distinct kinds are recognized. These 
may conveniently be classified according to their chief sources into 
human, bovine and avian tuberele bacilli, and into so-called tubercle 
bacilli of cold-blooded animals. This last group of bacilli, which will 
detain us only a short time, differs greatly from the other varieties, as 
can readily be seen when the fact is recalled that the high temperatures 
—temperatures approaching blood heat—which are required for the 
growth of the mammalian and avian bacilli, quite preclude their multi- 
pheation under conditions of ordinary external nature. Hence they 
are not adapted to a life outside the living body except as cultivated 
artificially at this relatively high temperature. In man’s conflict with 
tuberculosis this fact 1s of the greatest service, since by reason of it he 
is enabled to disregard the danger of any increase in tubercle bacilli 
outside the animal body. The relatively low temperatures at which 
the tubercle bacilli of cold-blooded animals develop adapt them, indeed, 
to an independent existence; but, as they are wholly devoid of power 
to cause disease in warm-blooded animals and as they would appear 
to have a restricted dissemination even among cold-blooded species, 
they are of comparatively small importance. 

Of far greater consequence is the question whether the disparity 
which exists between the several kinds of tubercle bacilli derived from 
warm-blooded animals is a wide one. This question, which at first 
sight may appear to be chiefly of academic interest, has, in reality, 
far-reaching practical significance. The close relationship which man 
bears to domestic animals makes every fact of animal disease of high 
value to him. And in the ease of no animal disease are facts of greater 
momeut than in tuberculosis. Not only is the human race, by reason 
of its dependence upon the animal kingdom for food, work, ete., exposed 
to the diseases of animals which are transmissible to man, but domestic 
animals are also exposed to diseases of human beings. ‘This correlative 
susceptibility may, therefore, cooperate to produce a vicious circle of 
events by which infection or the dangers of infection are kept alive 
and threatening. Hence it is that an effective solution of the problem 
of limitation of tuberculosis, whether by suppression outright or by 
suppression through the induction of immunity, must take into account 
the degree to which tuberculous animals of different species, through 
direct or more remote association, are a source of danger to one another. 

There is no longer any doubt that the avian tubercle bacillus de- 
parts considerably from the human and from the bovine types of bacilli. 
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The early observations of the Italian investigators, Rivolta and Mafucci, 
have been confirmed and so extended as to give us a fairly comprehen- 
sive knowledge of the capacities for pathogenic action, upon different 
animal species, of the avian bacilli. At the same time painstaking 
studies of the degree to which birds are subject to inoculation with 
pure cultures of tubercle bacilli of human origin support the view of 
diversity in type of bacilli and susceptibility of species. And yet, while 
fowl react only with slight local lesions, as a rule, to inoculations of 
tubercle bacilli of human origin, certain mammals have proved them- 
selves fairly subjeet to experimental inoculation with avian bacilli. 
While the guinea-pig, otherwise so sensitive to inoculation tuberculosis 
with the mammalian bacilli, is relatively resistant to the avian variety, 
the rabbit, which exhibits a marked degree of refractoriness to the 
human bacilli, suecumbs quite readily to the avian bacilli. It is, how- 
ever, worth noting that the reactions in the rabbit which avian tubercle 
bacilli call forth do not conform to those observed in tuberculosis in 
general; there is absence of typical tubercles and caseation, and the 
chief pathological alterations observed are found in connection with 
the enlarged spleen. 

The hterature on tuberculosis contains a small number of references 
to the cultivation from human subjects of the avian tuberele bacillus. 
From our present knowledge it may be postulated that avian tubercle 
baeillt occur rarely in man. Rabinowitseh has, indeed, recently empha- 
sized the occasional occurrence of the avian bacilli in eattle, swine, 
horses and monkeys; but they constitute a small source of danger in 
the spread of tuberculous disease among mammals. The parrot, because 
of its use as a pet and of its susceptibility to the avian bacillus, on the 
one hand, and of the human bacillus, on the other, is a greater menace 
to public welfare. 

The subject of bovine tuberenlosis and of bovine tubercle bacilli 
is among the most important of all the questions relating to the sup- 
pression of tuberewosis. The admirable studies of Theobald Smith 
established the distinction in type subsisting between certain bacilli 
of human and of bovine origin. We have come now to regard these 
types as separate and not to be transmuted, at least not readily under 
artificial conditions of cultivation, into each other. Into the disputed 
questions of variation due to environment I ean not afford to enter. 
But I would have you believe that transformations of avian, bovine and 
human bacilli into each other have probably not been accomplished by 
experimentation. The cultivation of one variety of bacilli in the body 
of an alien species has been said to alter profoundly the properties of 
the bacilli; but the observations upon this point are in my opinion far 
from: convineing. The mere fact that avian and bovine varieties of 
bacilli preserve their peeullar properties when oceurring naturally in 
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the diseased body of an alien specics—man, for example—tends to dis- 
eredit the experimental transmutations referred to. 

Bovine tubercle bacilli are characterized, as ascertained by Smith, 
by a greater degree of pathogenic power for mammals in general than 
human bacilli, with which fact is correlated certain peculiarities of 
cultural and physiological properties serving further to separate the 
bovine from the human bacilli. The bacilli of mammalian origin are, 
perhaps, closely related and less removed from each other by the sum 
of their properties than they are from the avian bacillus. With the 
few exceptions mentioned all forms of mammalian tuberculosis are 
caused by either the human or the bovine bacillus. 

In view of the general fact that the bovine bacilli show a greater 
degree of pathogenic action for the lower mammals than the human 
bacilli, it was natural to assume that bovine bacilli would be powerfully 
pathogenic for man also. To test this probability directly by experi- 
ment is, of course, not permissible. But the belief that tuberculosis 
in cattle is a menace to man is expressed in the many regulations by 
which it is aimed to control and prevent the nse as food of products 
derived from tuberculous animals. It was not until Koch's address 
was delivered in 1901 that anv serions doubt existed in the minds of 
sanitarians and pathologists that tuberculous cattle offered a source of 
danger to man. The specific knowledge which has accnmulated since 
that date has served to establish the transmissibility in some degree 
of bovine tuberculosis to the human subject. The inherent difficulty 
and tediousness of the investigation of the specific types of tubercle 
bacilli existing in human cases of tuberculosis necessarily limit the total 
number of instances in which it has been established, beyond perad- 
venture, that the bovine type of bacillus does occur in tubercnlous 
processes in man. In this country the responsibility of refuting the 
too general statement of Koch has fallen chiefly upon Ravenel and 
Theobald Smith, whose admirable studies in this direction are of a 
convincing nature. 

If we pause for a moment to consider upon what data Koch based 
his statement of the independence and non-communicability of tuber- 
culosis in cattle and man, we shall appreciate that. in so far as he dealt 
with established fact and not hypothesis, he had long been anticipated. 
That cattle are highly resistant to infection with tuberculons material 
and tubercle cultures obtained from human snbjects ean be concluded 
from the early experiments of Baumgarten, Sidney Martin, Frothing- 
ham and Dinwiddie. The most conclusive evidence upon this subject 
is contained in Theobald Sinith’s paper of 1898. in which he sum- 
marizes his experiments by stating that “ putting all the facts obtained 
by experiments on cattle together, it would seem as though the sputum 
baciilus can not gain lodgment in cattle through the ordinary channels.” 
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In view of these facts, it is not surprising to find that Koch and Schiitz 
later failed to produce marked or general tubercular infection of catile 
by feeding or inoculating directly into the circulation tuberculous 
materials and cultures of tubercle bacilli of human origin. That this 
result does not dispose of the entire question at issue, but leaves open 
the important consideration of the implantation of the more virulent 
bovine bacilli upon man was, of course, present in Koch’s mind, and 
was met by him by emphasizing the infrequency with which primary 
intestinal tuberculosis, which is the form of tuberculosis presumably 
arising from ingested virulent tubercle bacilli, is encountered in human 
beings. The reports which have appeared since have tended to show 
that primary tuberculosis of the abdominal viscera, especially in chil- 
dren, is not so infrequent as Koch believed it, and the researches in- 
spired by Koch’s address have brought out the important fact, now 
based upon actual observation under the microscope, that tubercle 
bacilli may pass through the intact intestinal wall and reach, by means 
of the lymph current, the mesenteric glands; and have made it seem 
probable, also, that by entering or being carried into the blood vessels 
in the intestine the baeilli may be carried to the lungs. When all the 
known facts of food infection in tuberculosis are assembled, they make 
quite an imposing array, for they indicate, quite in opposition to the 
exclusive view expressed by Koch, that tubercle bacilli entering the 
body with food may be implanted upon the mucous membrane of the 
mouth, from which, probably, chiefly in the region of the tonsils, they 
may be carried to the lymphatie glands of the neck and adjacent parts 
where they develop and produce tubercular disease; or they become 
implanted upon the intestinal mucosa and pass the epithelial barrier 
without first causing disease there, and set up lesions in the mesenteric 
lymph nodes or even be transported by the blood or lymph to the distant 
lungs; or they may first multiply in the intestine, cause tubereular 
disease there, and then migrate further, involving the abdominal and 
thoracic organs. 

If i have seemed to tarry too long over this aspect of my subject, I 
will ask you to consider for a moment in how far the endeavor to limit 
the spread of tuberculosis among the human race must be influenced 
hy the avenues of infection to which the race is exposed. If we side 
with Koch in the view expressed in 1901, and reiterated just the other 
day in his Nobel-prize address, that, as he says, human tuberculosis 
and tuberculosis in cattle are so distinct from each other that the latter 
is not to be feared as transmissible to man, at least, as his last utter- 
ance puts it, not in a form which comes in consideration in regard to 
tuberculosis as a ‘ Volkskrankheit, or race disease, then it is only 
necessary to direct efforts to the suppression of tubercle bacilli of 
human origin. For, if the danger of infection of surroundings and 
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healthy individuals is limited to the expectoration of persons suffering 
from tuberculosis of the lungs and upper air passages, the problem 
before us, while still very large, is less by a considerable amount than 
if there must also be taken into account the widely prevalent disease 
among cattle, swine and other domestic animals. While J do not pre- 
tend to speak in terms of great authority, yet it would seem to me that 
the time is not yet ripe to disregard, in attempting to suppress tuber- 
culosis, the disease in domestic animals. Greatly as I sympathize with 
the active propaganda which is being made by instruction and material 
help to protect tuberculous human beings from injuring themselves 
and others, and greatly as I hope to see promoted the means of caring 
for the tuberculous in sanatoria, ete., yet I hope that there may occur, 
at this time, no relaxation in the efforts being made to control the 
spread of tuberculosis among cattle and to prevent the consumption 
of infected milk and flesh by man and other animals. That, on the 
other hand, the suppression completely of tuberculosis among cattle 
would not be followed by a great reduction in the morbidity due to 
tuberculosis in man is shown by Nitasato’s statistics from Japan. In 
that country the human disease prevailed with its usual activity at a 
time when the cattle disease, owing to the absence of cattle, was un- 
known, and milk formed no appreciable element in the food of children. 

In dealing with the complex problem of tuberculosis—a problem 
whose difficulties enlarge with the continued growth in size of cities— 
we are materially assisted by the knowledge of the manner in which 
the virus of tubercle is separated from the diseased body, the conditions 
of its contamination of our environment, and the avenues through which 
it endeavors to enter the healthy body. Though it is, perhaps, searcely 
to be hoped that a time will arrive when tuberculosis will have become, 
through precautions against infection, as rare as are to-day smallpox 
and typhus fever, yet it is a most hopeful result of the crusade against 
tuberculosis that a marked reduction in the mortality, and probably 
in the incidence of the disease, has been going on in some countries— 
as, for instance, in England—for forty years. In New York, the sys- 
tem organized by Biges has brought about a reduction since 1886 of 35 
per cent. in the mortality of the disease; and while in Prussia the mor- 
tality was stationary in the decade from 1876 to 1886, since that time 
a reduction of more than 80 per cent. has been noted. These figures 
show what may be accomplished in reducing the dangers of infection 
with tuberculosis by a régime of edueation, improved conditions of 
living for the poorer classes, and the segregation in hosnitals and 
sanitoria of any considerable number of the infective tuberculous during 
the most dangerous period of the disease. 

The discovery of the microbic agent of tuberculosis naturally 
awakened the hope that a specific means of treating and, possibly, of 
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preventing tuberculosis might now be found, The early years following 
the cultivation of the tubercle bacillus saw no realization of this hope, 
and to-day we are still far from the desired goal. However, the prodi- 
gious labor which has been expended in the search for a means of pro- 
tection against infection with the tubercle poison has not been wholly 
devoid of results. 

fn an address of this kind it is not practicable to deal with the 
separate contributions, in detail, which the many workers have made 
to the subject of immunity in tuberculosis. The most that can be 
accomplished is to bring together the more important results of all 
the workers and, after having assembled them, to judge of their value 
and to consider, possibly, in what important respects they are still 
imperfect. 1 can not do better, at the beginning. than to remind you 
that the successful point of departure has been the discovery that varia- 
tions in type and in virulence exist among tubercle bacilli. ‘The earlier 
view which taught that the tubercle bacillus is a micro-organism of 
uniform and fixed virulence has been shown to be erroneous, first by 
the discovery of variations according to certain origins, and second 
by a gradual decline in pathogenic power suffered by certain strains 
through long cultivation outside the animal body. 

The animals which have been of special use for tests of immunity 
are rabbits, cattle and goats. The guinea-pig, which furnishes an 
almost ideal animal for the detection of tuberculosis, because of the 
sensitiveness of its reaction to inoculations with tuberenlar material, 
fails, for the same reason, to be a highly suitable animal in which to 
carry out tests of immunity; and yet it has been employed with some 
success. 

The first important contribution to the subject of experimental 
immunity in tuberculosis was made by Koch in connection with his 
researches on tuberculin—a product of the growth in broth of tubercle 
bacilli, freed from the bacilli and concentrated. In spite of the failure 
of tuberculin to bring about a favorable issue in all cases of human 
tuberculosis in which it is administered, it still remains a useful, perhaps 
the most useful, strictly medicinal agent employed for the treatment 
of tuberculosis. But the sum of its useful properties is not embraced 
in its employment as a therapeutic substance: it is also a diagnostic 
agent of high value, and its action upon the tuberenlons organism is 
so specific and remarkable that it has proved itself of the greatest 
importance and aid in the effort to unravel the complicated series of 
biological phenomena which constitute the tubercular state. 

It is possible to increase somewhat the resistance of animals to 
tubercular infection by previous treatment of tuberculin: but this 
increase is not remarkable. It is possible to bring about arrest of the 
tubercular process in the infected organism by means of tuberculin: 
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and in some instances this arrest leads, through the changes induced 
in the tuberculous tissue by means of the tuberculin injections, directly 
to eure, or indirectly, through an increased power of resistance and 
attack on the part of the forces of the organism, to eventual cure. But 
a high and lasting degree of immunity has never been secured by the 
use of tuberculin. This fact, disappointing as it was at first, Is now 
easily explicable. Tuberculin does not represent the entire series of 
forces contained in the bacilli which the body has to resist in preserving 
itself from infection with tubercular poison. ‘The peculiar principles 
contained in tuberculin are, indeed, not highly toxie for the normal 
individual; and our experience in securing Mmmunity to micro-parasites 
and their products has taught us that where no reaction or response to 
the introduction of the foreign poison is called forth, no degree of pro- 
tection to larger doses or more virulent poisons of the same nature 
is to be expected. Toxic as is tuberculin to the tuberculous organism, 
it is almost innocuous to the tuberele-free body. It has been found, in 
keeping with this distinction, that the normal animal shows after 
tuberculin treatment evidence of the minimal production of the neutral- 
izing or antibody for the tubereulin, which, were tuberculin a direet 
poison for the tissues, would probably be produced in larger amounts. 
On account of this absence of action on the normal organism it has 
been thought that the active principle m tuberculin does not exist in a 
free state, but oecurs in some combination, from which the tuberculous, 
but not the non-tubereulous, organism can free it, and that the separa- 
tion takes place in the tubercular foci upon which the specifie action 
of the poison is directly exerted. If this view is correct then the failure 
of tuberculin to exercise any profound action on the healthy organism 
is easily grasped. 

Increased knowledge of bacterial infection and immunity has taught 
us that in case of bacteria which invade the depth of the body and pro- 
duce their peculiar effects by reason of their immediate presence, we 
can not expect to achieve marked immunity through the use of the 
soluble gross-products of the parasites. The reaction of the body to the 
invasion depends not upon the presence in the invader of one set of 
toxic principles, but of many, some of which are contained in the solid 
substance of the micro-parasite and do not go over into the fluids in 
which they multiply. Thus it has been found, in case of certaim bac- 
teria, that a degree of immunity or protection which it is impossible 
to obtain even after very prolonged treatment with the fluid portions 
of cultures, can be secured quickly when small quantities of the living 
or even dead microorganism are injected into the body. A high degree 
of bacterial immunity has been secured up to now for a small number 
of miero-organisms by vaccination—by the method introduced by 
Pasteur—for several] animal diseases, notably anthrax or splenic fever, 


238 POPULAR SCIENCE MONTHLY 


fowl-cholera and black-leg. In these cases the living attenuated micro- 
organisms are employed. 

Neither lasting nor marked immunity in tuberculosis can be ob- 
tained by the inoculation of cultures of tubercle bacilli killed by heat, 
sunlight or other agency. Dead tubercle bacilli are poisonous and 
bring out a striking reaction of the organism, but this reaction does not 
confer immunity to subsequent inoculations of the living germ. It may 
well be that the dead bacilli, especially if reduced to impalpable powder 
so as to facilitate absorption, may after injection raise the powers of 
resistance in the organic forces, although the height of the sustained 
forces is not sufficient to enable the body to throw off completely the 
living infecting organism. It is easy to prove that the animal organism 
is modified by the development within it of the tubercle bacilli; and 
merely disposing of dead bacilli increases its power of reaction against 
a second injection of dead tubercle bacilli; the second action being 
much more vigorous than the first. (Theobald Smith.) The experi- 
ments of Koch which immediately preceded the discovery of tuberculin 
clearly demonstrated that tuberculous guinea-pigs into which tubercle 
bacilli are reintroduced subcutaneously react in a very especial manner. 
An active inflammatory process develops about the site of second inocu- 
lation which eventually brings about the expulsion of bacilli with the 
exudations; a voluminons slough forms, which, when shed, carries 
with it a large number of bacilli; and this shedding is followed neither 
by the formation of a permanent ulcer nor hypertrophy of the neigh- 
boring glands, a regular result of the primary inoculation. ‘The tuber- 
cular organisin reacts in the same manner to dead as to living bacilli; 
the tuberculous animal has acquired immunity against reinfection or 
reintoxication by the tuberculous virus, which, however, in no way 
prevents the first inoculation from becoming generalized and setting 
up a tuberculosis of almost all the organs. 

If we attempt an interpretation of these phenomena we can con- 
clude that the organism, once it is poisoned with tubercle virus, becomes 
supersensitive to the tubercle poison. This supersensitiveness is dis- 
played in the manner of reaction upon re-inoculation of the tuberculous 
organism to tuberenlin and to dead and living tubercle bacilli. But the 
organism poisoned with dead tubercle bacilli is not im reality tubercu- 
lous: it is, however, sensitized. In keeping with this distinction, it can 
be said that while the tuberculous organism has acquired a degree of 
immunity to reinfection, the organism mercly poisoned with tubercle 
bacilli has failed to develop this state of resistance. 

The experimental results, which I shall relate to you, upon which 
are based our belief in the artificial production of immunity to tubercu- 
losis, were all obtained by the use of living bacilli. It would, therefore, 
scem as if in the course of their residence and development within the 
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body the immunizing organisms behave differently from those in arti- 
ficial cultivations. This difference in behavior could be accounted for 
on the supposition that under conditions of parasitic life, surrounded 
as the bacilli are with complex fluids and more complex cells, they 
form, in their growth, products which either are distinct from those 
which are formed by them in cultures, or these products, in statu nas- 
cendt, are acted upon and modified by the active and labile ferments 
in the fluid and protoplasm of cells, with which the growth-products 
must come into immediate contact. Professor Welch, to whom this 
variation in behavior of bacteria under parasitic and saprophytic states 
of existence was fully apparent, endeavored a few years ago in his 
Huxley lecture to explain the difference in activity of bacteria growing 
within and outside the body by supposing that in the body they are 
induced to secrete substances the stimulus to the production of whieh 
is absent in the culture tube. However this may be, it is evident that the 
only form of immunity in tuberculosis which deserves the name has 
been obtained by the employment for inoculation of living cultures 
of the tubercle bacillus. 

Although the earliest experiments which had for their object the 
production of immunity in small animals by means of previous inocula- 
tion of products of the growth and of attenuated cultures of the tubercle 
bacillus were published in 1890 (Martin and Grancher, Courmont and 
Dor), yet, I think, the first really promising, because successful, achieve- 
ments of this end were made by Trudeau in 1902 and 1903 and by 
de Schweinitz in 1904. 

Trudeau protected rabbits from virulent tubercle bacilli by first 
injecting them with a culture of bird tubercle bacilli, the subsequent 
injection of virulent mammalian bacilli being made into the anterior 
chamber of the eve. The rabbits to be protected were twice injected 
subcutaneously at intervals of 21 days with cultures of the avian bacilli. 
About one in four of the rabbits died within three months, profoundly 
emaciated, but without tubercular lesions. The remaining animals 
recovered and were apparently in good health, when, with an equal 
number of controls, they were inoculated in the eye with a culture of 
mammalian tubercle bacilli. The results are instructive: In the con- 
trols little or no irritation following the operation is observed and the 
eve Temains quiescent or nearly so for about two weeks, when the 
changes described in the early parts of this address manifest them- 
selves. After a few weeks general inflammation of the structures of 
the eye develops, the inoculation wound becomes cheesy and the eye is 
more or less completely destroyed. The disease, however, remains 
usually localized in the eve for many months, and may remain there 
permanently, depending upon the virulence and number of bacilli 
injected. 
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In the vaecinated animals, on the contrary, the introduction of the 
mammalian bacilli at once gives rise to a marked degree of irritation. 
From the seeond to the fifth day the vessels of the conjunctiva become 
engorged, and evidences of marked inflammation appear in the anterior 
chamber and on the iris (reaction of immunity). However, at the end 
of the second to the third week, when the eyes of the controls begin to 
show progressive and steadily increasing evidence of inflammatory re- 
action, the irritation in those of the vaceinated animals begins slowly 
to subside and the eyes to mend. In from six to twelve weeks, in the 
successful cases, all irritation has disappeared and the eyes present 
only the evidences of traumatism and inflammation. This experiment 
leaves no doubt of the protective influence exerted by the first inocula- 
tions of the avian bacilli and clearly establishes that related cultures 
of tubercle bacilli of moderate virulence for an animal species, can 
afford protection to subsequent inoculation with special and more patho- 
genic strains of the bacillus. Notwithstanding the fact that, as Dr. 
Trudeau records, some of the protected animals slowly relapse and 
the disease resumes its progress, although by almost imperceptible 
stages, the experiment still shows that protection, not absolute immu- 
nity, from tuberculosis may be obtained in rabbits by a species of 
vaccination. 

De Schweinitz in 1894 reported certain experiments which he made 
on guinea-pigs and cattle. He inoculated the former with a culture 
of tnbercle baeilli of human origin cultivated for about twenty genera- 
tions in broth. ‘This culture was of a low grade of virulence for these 
animals, but it served to protect them to such an extent that when 
they were afterwards inoculated with tuberculous material from a cow 
they remained healthy, while control pigs mjected with the same 
material became tuberculous and succumbed in about seven weeks. De 
Schweinitz injeeted large quantities of human tubercle bacilli into 
cattle—beneath the skin, into the peritoneal cavity and into the cireu- 
lation—without injury. 

I may, at this time, digress for a moment and leave the more 
strictly chronological method of presentation, to allude to the set of 
experiments on the protection of guinea-pigs from tuberculosis, which 
Trndeau reported to the National Tuberculosis Association at its last 
meeting. The special merit of this experiment is that it shows the ex- 
istence of a connection between virulence and infectivity in the germ 
and its capacity to confer immunity. Unless the bacillus has the power 
to gain some foothold in the body it affords no protection: if on aecount 
of high pathogenie power or virulence, it easily gains a foothold, then 
it brings about infeetion. To choose a culture of tubercle bacilli of 
just the right grade of virulence is one of the conditions, apparently, 
of successful experiment, as it must also be, in view of this fact, one 
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of the difficulties of the method. The same diffieulty has been en- 
countered in the praetieal earrying out of this method of immunization 
in cattle. Several series of guinea-pigs were inoculated with tuberele 
bacilli as follows: (@) with dead bacilli, (6) with living baeilli from 
cold-blooded animals, (¢) with a eulture of human bacilli cultivated 
artificially for more than twenty years whieh produees on inoculation 
no appreciable local lesions and never tends to generalize, and (d) 
another human eulture eultivated artifieially for more than fourteen 
years, Which still causes in all the pigs slightly enlarged inguinal 
glands near the site of inoeulation, and oceasionally brings about slight 
easeation of the nodes with a tendeney to partial generalization of the 
virus. The dead bacilli and the baeilli from eold-blooded species gave 
no protection; the seeond human culture, by reason of its greater in- 
vasive properties, protects better than the first, which is almost devoid 
of power to grow in the animal body. In no ease, however, was the 
growth of the virulent bacilli wholly suppressed. 

In man the question of acquired immunity has been answered by 
many authorities, as far as the main considerations go, in the negative. 
A large number of well-observed facts demonstrates that a person who 
has suffered from localized tuberculosis of the lymph glands—serofula 
so-called—or other form of loeal tubereulosis, can not count upon an 
immunity from pulmonary tuberculosis. And yet it ean, I think, be 
shown by reference to statistics that in man there exists a refractory 
eondition which becomes inereased after infection, since the number of 
persons who have been the vietims, at some period of their life, of a 
tubereulons infection, is very large in comparison with the number who 
die of this disease, or the even larger number who develop severe forms 
of it. Hirsch gives the mortality of tuberenlosis as compared with 
deaths from all other causes as 3:22, in other words, tuberculosis elaims 
as victims of death 1 in every 7 persons. This proportion does not, 
however, express the morbidity from tuberculosis, which is, in reality. 
far greater than these figures indicate. It is difficult to seeure by vital 
statistics reliable data of the incidence of tuberculosis; but trustworthy 
observations made at autopsies upon human beings indicate that as 
many as 90 per cent. of persons, dying from all eauses, have at some 
period of their life been the victims of a tubereular infection, In far the 
greater number of instances the disease remains fixed in the bronchial 
or other lymphatie glands or the apex of the lungs and exerts no in- 
jurious effect upon the organism as a whole. We may, therefore, fairly 
conclude that the human organism possesses a strong inherent tendency 
to overcome infection with the tubercle bacillus. So mueh ean be safely 
predieated. But whether the suppression of a loeal infeetion, such as 
I have described, gives an increased capacity for overcoming subse- 
quently invading tubercle bacilli remains for the present an open 
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question. It is certainly not disproved by the facts cited; and some 
authorities hold fast by the belief that a degree of immunity to tuber- 
culosis may be acquired by man. 

In the year 1901, on December 12, on the oceasion of his accept- 
ance of one of the Nobel prizes, Behring announced that he was 
engaged upon the study of artificial immunization of cattle to tuber- 
ctlosis. In this address the claim was made that a method had been 
perfeeted whereby it was possible to vaccinate cattle successfully against 
tuberculosis. These experiments consisted in the endeavor to immunize 
cattle by means of tuberculin, other toxins, so-called, from the tubercle 
bacillus, dead tubercle bacilli, bacilli weakened with chemicals and 
living, active cultures of the tubercle bacillus. In the four years 
which have elapsed since this announcement was made a series of 
monographic papers bearing on this subject has appeared from Behr- 
ing’s laboratory in Marburg. ‘The plan of immunization has, in this 
time, undergone a number of modifications until now it consists in the 
inoculation intravenously of young cattle—calves twelve weeks old 
preferably—with a standard human culture, which is now furnished 
commercially. A second inoculation of an increased quantity of this 
culture is injected three months later. Cattle treated in this way are 
regarded as highly immune and are denominated by Behring as 
*Jennerized.’ If to them a dose of a virulent bovine culture of tubercle 
bacilli is given, no permanently bad results follow, although an equal 
dose of the virulent culture will cause, in an unvaceinated animal, the 
development of generalized tuberculosis leading, in a few weeks, to 
death. 

In his endeavor to find a culture of the tubercle bacillus which 
would fulfill the requirement of producing a transient ilness and 
leave protection behind, Behring discovered that not all tubercle bacilli 
of human origin were without danger to cattle inoculated with them. 
We were, indeed, not unprepared for this announcement, since, in the 
first place, we had learned that in some instances tubercle bacilli of the 
bovine type have been cultivated from examples of human tubereulosis, 
and, on the other, that not all the bacilli, of any type, exhibit equal 
degrees of virulence. The culture employed by Behring, although it 
has now been employed to inoculate several thousand cattle, is said never 
to have produced severe disturbances of health: even when animals 
already {uberculous are inoculated the results are not serious: fever 
lasting several days sets in, the animals may cough, and they may cat 
Jess and lose somewhat in weight, but even they return to what is for 
them the normal. 

Tt would appear that MeFadyean is entitled to the credit of the 
discovery equally with Behring of the immunization of cattle from 
tuberculosis; and, indeed, there is reason to believe that his results 
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even anticipated those of Behring. By using for injection first tubercu- 
lin and then in succession tuberculin and tuberculous material con- 
taining bovine and possibly human tubercle bacilli, MeFadyean suc- 
eceded in increasing the resistance of several cattle to artificial tubercu- 
lar infection. 

Pearson and Gilliland, 1902, in this country early published ac- 
counts of some experiments which they carried out upon the immuniza- 
tion of cattle from tuberculosis. They employed a culture of human 
tubercle bacilli for producing immunity and found that subsequently 
the protected animals, as compared with the controls, which all suc- 
eumbed to the virulent inoculation, either developed no lesions or very 
inconsiderable ones upon being given large quantities of highly patho- 
genic bovine cultures. As far as I know these experimenters are the 
only investigators who have endeavored to earry the principles of the 
method a step farther, so as to bring about arrest of the disease in cattle 
already tuberculous. While it is unlikely that such a therapeutic use 
of * Vaccination’ will ever be made in veterinary practise, the facts 
are of considerable theoretical interest, especially in view of the some- 
what similar means employed to arrest tuberculosis in man. 

The immense importance to scientific agriculture of the matter of 
immunization of cattle from tuberculosis and the even greater collateral 
interest which the subject has for man, as enlarging the possibilities 
of immunity even for him, have led to a discussion on the priority of the 
discovery between Neufeld, a pupil of Koch, and Behring. It would 
appear from Neufeld’s writings that, while working under Koch’s 
direction, he ascertained as early as 1900-1901 that large animals— 
donkeys chiefly, but cattle also—could be protected from artificial 
infection with virulent tubercle bacilli, always fatal to contro] antmals, 
by previous treatment with tubercle vaccine, of which several different 
preparations were studied. It is not within the scope of this address 
to apportion the credit of priority; but in any case, assuming the facts 
to be as stated bv the contestants, MeFadyean should receive as great 
credit as either of the others, if not the chief credit. The principle 
which all the investigators employed is not new in experimental medi- 
cine, but has come to us from the genius of Pasteur. It may, however, 
be said that our knowledge of the tubercle bacillus and its varying 
activities had by the year 1900 become so much enlarged that the 
possibility of putting the facts of the newly discovered properties to a 
practical test of immunity oceurred to the several independent workers 
in bacteriology. There ean, I think, be no doubt that Behring deserves 
the credit of making the protection of cattle from tubereulosis a feas- 
ible, practical object of study. This alone is a merit of no small order. 

From the mere fact that cattle have been successfully protected 
from infection by the tubercle bacillus, even under the severest condi- 
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tions of laboratory experiment, it can not be concluded that they will 
be equally refractory when exposed to the natural sources and modes 
of infection. In the laboratory the virulent infectious agent is brought 
into the animal by injection, under the skin, into the serous cavities 
or into the circulation, which are avenues through which in the natural 
disease infection rarely if ever takes place. And while this mode of 
introduetion of the virulent bacilli mto the body may, theoretically, be 
more severe than their introduction into the lungs with inhaled air, 
or into the stomach through mfected stalls and food, yet the profound 
differences in the defenses of the body with which the bacilli come into 
conflict, under these different circumstances, may, after all, determime 
the issue in a manner quite contrary to our expectations. It is, there- 
fore, of the highest mterest to learn that in their later tests Behring 
and his co-workers exposed vaecinated cattle to stalls and herds which 
were known to be badly infected, with the result that at the time of the 
report, they had apparently escaped infection. J am enabled through 
the courtesy of a private communication from Dr. Pearson to state 
that cattle vaccinated by himself and Gilliland which were kept for 
two years under natural conditions of infection have not contracted 
tuberculosis, while the control animals, exposed to the same conditions, 
have all developed the disease, some dying spontaneously by reason of 
the severity of the infection. Dr. Pearson also informs me that their 
experiments indicate that the degree of resistance bears a rather definite 
relation to the number of vaccinations given the cattle. No eattle 
vaccinated three times with their standard vaecine—a living culture 
of tuberele bacill1 of human origin—have developed tuberculous lesions 
even after two vears’ severe exposure. In their experience, two 1njec- 
tions of Behring’s vaceine do not always suffice for such heavy ex- 
posure as they employed. 

As regards the question of duration of the protection, it may be 
said that Behring, basing his views on results of vaccination made three 
years before, expressed the belief in 1904 that it would endure during 
the life of the animal. As young healthy cattle are vaecinated before 
they fall victims to mfected stalls and herds, it would seem as if m- 
fected herds might therefore gradually be replaced by healthy ones. 
The gain, this being true, would be almost incaleulable to agriculture. 

I am in the fortunate position of being able to bring before you a 
critical summary of the subjeets just presented by one wholly con- 
versant with its practical as well as its theoretical aspects. Through 
the courtesy of Dr. Leonard Pearson [ have been enabled to read the 
advance sheets of a review on immunization in tuberculosis which will 
soon be issued from the Phipp’s Institute. Dr. Pearson concludes that 
there appears to be no doubt that different cultures of human baer 
have different immunizing values. Some can not be used at all because 
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they are of too high and others, possibly, because they are of too low, 
virulence for cattle. There is also need for comparison in immunizing 
value of fresh cultures and cultures that have been dried in vacuum 
and reduced to powder. Some observations appear clearly and strongly 
to indicate that the fresh cultures are preferable. Although it has been 
shown that vaccination can be practised so as to be entirely harmless 
to the animals, yet, on the other hand, it is not always unattended with 
danger. What is the shortest and most economical procedure for the 
protection of cattle on a large scale is still to be established. Only 
prolonged observation of carefully recorded results of vaccinations 
practised on a large scale can settle this point. The question of dura- 
tion of immunity is still an open one. It has been shown that the 
immunity endures a year. To say, at the present stage of the studies, 
that it will last during the entire life of an animal is to make a state- 
ment for which there is no experimental proof. Modes of vaccination, 
as illustrated by the intervals between the successive injections, differ 
greatly. Behring recommends an interval of three months, while others 
have obtained a high degree of immunity by repeated injection at short 
intervals. As artificial immunity is relative and not absolute it need 
not excite surprise that the immunity to the tubercle bacilli can he 
overcome hy the injection of large quantities of active bacilli. What 
is desired in practise is a degree of immunity that will suffice to protect 
animals from aequiring the disease under natural, and consequently 
highly variable, conditions. In some herds, where the natural disease 
prevails in a mild form, a lower degree of immunity may suffice than 
m other herds in which the disease is more severe and wide-spread. We 
are, therefore, at the heginning of this complex and highly important 
subject. These are Dr. Pearson’s conclusions. 

There is another aspect of this subject which demands attention. 
When it is recalled that immunity in cattle is obtained by the injection 
of living human tubercle bacilli the question arises whether this pro- 
cedure is wholly free from danger to the consumers later of the flesh 
and milk of these cattle. It would appear that the human bacilli do 
not exeite in cattle the tubercular lesions, in which doubtless the baeill 
are so enclosed as to be, to a considerable degree, protected from 
perishing. It is equally trne that as the living micro-organisin can not 
he replaced by dead ones in bringing about immunity, the immunizing 
process is in some way bound up with their survival and even, pos- 
sibly, with a restricted multipHeation. Hence it is necessary that we 
ascertain, first, how long the human bacilli survive in the organs of 
the vaccinated animals, and second, whether they are ever eliminated 
with the milk of cows. The observations already made upon these 
points are so few as at present not to be useful for any scientific dedue- 
tions. But before the method is too implicitly relied upon these ques- 
tions should be answered. 
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It is an interesting subject of speculation as to what the result will 
be when cattle in general, and possibly, man later, shall have been 
immunized to tuberenlosis. Will the race of tuberele bacilli disappear 
in large measure from the world? This would indeed be a beneficent 
result. But Dr. Smith has pointed out in a recently delivered address 
that doubtless host and parasite eventually come to hold a kind of 
equilibrium to each other, and hence an inereased degree of resistance 
in the former might tend to bring about that selection among the para- 
sites through which races of greatly augmented power for invasion 
would be produeed. If this were irue, and he even suggests that the 
natural process of weeding out the weaker among the human race tends 
io this result, the parasite would try to keep up with the host as his 
resistance increased until a point was reached beyond which further 
enhancement of power was impossible. Would the higher animal or 
the lower vegetable organism finally claim the vietory? We need per- 
haps at this moment not to relax our cfforts to achieve a practical 
immunity for man as well as for animals because of this future dan- 
ger. Jam not aware that the smallpox germ has increased measurably 
in virulence since vaccination became general, but I would also add 
that a century is a small period of time in the life history of any 
living organism. 

Before closing this address I shonld like to refer briefly to the new 
interest which has been excited in the use of tuberculin in the treat- 
ment of human tuberculosis by reason of the applieation to the study 
of tuberenlosis of a method introduced by E. A. Wright. of London, 
whereby it is held that the exact effect of the tubereulin injection can 
be measured and controlled. The method consists in the determination 
of the capacity of the blood lencoevtes to take up tubercle bacilli when 
the blood and the bacilli are brought together outside the body in a test 
tube. Wright and his pupils have worked out the normal power of 
the blood to cause the englobing of the baeilli; and they have noted a 
diminution of this eapaeity in the blood of many persons suffering 
from tubereulosis. They speak of this englobing capacity of the blood 
as ‘opsonie index,’ from the word meaning to prepare—to eater for; 
since the bacilli must first be prepared by substances in the blood serum 
before they ean be ingested by leueoeytes. The injection of tuberculm, 
when cautiously done, tends to bring about a rise in the tuberenlous, 
of the * opsonie index,’ which Wright believes is a measure of the good 
done, as an inerease in immunizing substanees in the blood is the cause 
of the rise. He also discovered that time is required for the occurrence 
of the rise and that the immediate result of the injection is a fall of 
the index—so-called negative phase. This latter must be permitted to 
pass away and be succeeded by the positive phase before another injec- 
tion is given. Gradually the *‘ opsonie index’ is driven up in the eases 
that are favorable to the treatment. 
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I do not intend to diseuss the value to the clinician of this interest- 
ing method and Wright’s observations based upon it. The subjeet ap- 
pears to me to be one of great intricacy and therefore to be approached 
in a spirit of proper criticism despite its evident allurements. My pur- 
pose in mentioning it at all is to bring again to your attention a method 
of exciting the tuberculous body to put forth an effort at self immuniza- 
tion which is sometimes efficient to a marked degree. It is not the 
injected tubereulin that accomplishes directly the changes in the condi- 
tion of the patient, for there already exists, doubtless, an excess of 
similar poisons in the tubereulous foci in the body. The healthy body, 
indeed, does not react in this manner and is not to be protected, endur- 
ingly, from tuberculous infection by a previous treatment with tuber- 
culin. As Koeh’s phenomenon shows the tuberculous organism to have 
developed defenses against subsequent tubereulous infection which the 
normal body does not possess in equal degree, the employment of tuber- 
culin indieates that the diseased body ean be aroused artificially to put 
forth a stronger effort than its unaided natural forees enable it to make, 
in order that the disease may be overcome. Herein resides a great 
principle, an immense power for good, and, consequently, a great hope 
for future progress in the rational and specific treatment of tuberen- 
losis in man. Efficient efforts at suppression of the causes of tubercu- 
losis, deeper knowledge of the principles of bacterial immunity, are 
the two forces which in time may stay the ravages of the ‘ White 
Death.’ 
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THE PROTECTION OF THE ALLUVIAL BASIN OF THE 
MISSISSIPPE 


By ROBERT MARSHALL BROWN 


WORCESTER STATE NORMAL SCHOOL 


ices hydrographie or drainage basin of the Mississippi River 

(Fig. 1) is equivalent in area to one third of the United States. 
Thirty-two states and territories contribute water to the volume of the 
river; eight of these divisions send water to no other system. The dis- 
charge of rivers is not in any proportionate way related to the size of 
their drainage basins. The potent faetors which determine the volume 
of discharge are the preeipitation of rain over the basin and the char- 
acter of the soil. The upper Ganges has a basin Jess than one seventh 
that of the Mississippi. It equals the latter river, however, in the 
volune of its discharge. The Ifoang Ho, with a basin area fifty per 
cent. only of that of the Mississippi, diseharges more than twice as 
much water into the sea. If the discharge of the Mississippi propor- 
tionally to the size of its basin equaled that of the Po, the volume of 
the discharge of the former would be multiplied by six. The Danube 
more nearly equals the Mississippi in the ratio of diseharge to size of 
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Fix 1.) HYDROGRAPHIG BASIN OF THE MISSISSIPPI, WITH RAINFALL TYPES. Missouri type 
has the maximum rainfall in April, May and June; Tennessee, in Febrnary and March; Lake, 
a late spring maximum in June, and an early fall maximum in September. 


*Compiled, largely, from the reports of the Mississippi River Commission. 
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basin. It, too, has a portion of 
its drainage area protected from 
the prevailing winds and approxi- 
mates to the rainfall condition of 
the Mississippi. The Ganges and 
the Hoang Ho are in regions of 
copious seasonal rainfalls. 

The portion of the Mississippi 
Basin subject to inundation in- 
chides land on both sides of the 
river south of Cape Girardeau, 
Mo., and aggregates 29,700 square 
miles, or an area equivalent to the 
state of South Carolina. Vhrough 
this alhivial basin (Fis. 2) the 
river winds in a rather tortuous 
path, the distance by river (1.700 
miles) being nearly three times 
as long as a straight line drawn 
from Cape Girardeau to the Gulf 
of Mexico (G00 miles). 

It is characteristic of many 
flood plains that the land imme- 
diately adjacent to the river is 
higher than the more distant 
parts of the plain (Fig. 3). 
These higher parts are called nat- 
ural levees by some writers. If, 
therefore, the river rises bevond 
the limit of its banks, there is 
likely to be a general inundation 
of the alluvial hasm. This fea- 
ture of flood-plain form is further 
illustrated by the tributaries of 
the lower river. From an ordi- 
nary vallev slope a river flows 
fairly direct into the trunk stream. 


Fic. 2.) THE LOWER MISSISSIPPI, WITH TRIB- 
UTARIEs, ALLUVIAL BASIN, 4aND HIGHER LANLIS 
(dotted), CG, Cape Girardeau; C, Cairo; C’, 
Columbus: 1, Memphis; HW, Hekknu; A, Arkan- 
gas City: G, Greenville; 1, Vicksburg; .V, Nat- 
chez; PR, Baton Rouge; VO, New Orleans. 


If a tributary crosses a flood pliin 


of some size. the stream mnst force an entrance against the rise of the 
back slope of this plain and finally must breach the banks of the river. 
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Fig. 4. HYDROGRAPH OF THE MISSISSIPPI RIVER FROM JUNE, 1902, TO May, 1905. 


It is apparently easier for the tributaries of the lower Mississippi not 
to overcome this rise, but to fow down stream in the back swamp lands 
or bottoms until some more formidable barrier forces them to empty 
their waters into the main channel. Jn this manner the St. Francis 
(Fig. 2) flows for 100 miles and is foreed into the Mississippi just 
above Helena, where the main river, after crossing the alluvial basin, 
touches the higher land on the west. The Yazoo River is forced in at 
Vicksburg, after flowing along the flood plain for 200 miles. Other 
tributaries show this same characteristic. The Atchafalaya pursues 
its course to the Gulf as an independent stream. The height of the 
river bank over the back swamp districts varies from 10 to 25 fect. 

The large area of the drainage basin of the Mississippi would yield 
an unmanageable amount of water to the lower river during the stage 
of flood if the excess of discharge at that time resulted from a uniform 
rainfall condition. The very size of the basin with the tributaries of 
the main stream reaching far into rainfall areas of different types and 
scasons is beneficial to the control of floods. Reference to the map 
(Fig. 1) and the appended explanation may aid one in understanding 
the condition of rainfall over the basin. In addition, it is well to 
hear in mind that the condition of the ground affecting the amount 
of run-off of water is an important factor in the amount of discharge. 
The Ohio basin has its heaviest rains in January, February and March. 
Its largest tributaries, the Cumberland and the Tennessee. rise in 
regions of copious winter rainfall and add enormous volumes of water 
to the Ohio. The basin of the Ohio is less than one half that of the 
Missouri, yet it furnishes over twice as much water to the Mississippi. 
The melting of the snow and the frozen condition of the ground which 
increases the percentage of run-off at the time of the early spring rains 
swell the volume of the Ohio, while the late spring rains over the 
Missouri basin fall on an absorptive soil. Only 15 per cent. of the 
rainfall is drained from the latter basin and 24 per cent. from the 
former, The pereentage over the Ohio during the flood months be- 
cause of the conditions stated above is probably much higher. 
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The sequence of floods from the tributaries is first, the Ohio, then 
ihe upper Mississippi, followed by the Missouri and the western streams. 
Great floods are not annual occurrences. Recently the years marked 
hy excessive floods have been the years of 1893, 1897 and 1903. The 
floods of the years 1898 and 1904 did not fall much short of the 
records of the seasons previous. 

The hydrographs of floods (Fig. +) and the profiles of rivers at 
different seasons (Fig. 5) show 
that the floods proceed down 
stream somewhat as a wave. The 
highest point or crest marks the 
extreme danger limit due to 
height of flood. The hydrograph New Manrip —> 
also indieates that the crest  flat- ae 
tens somewhat in its down-river ress 
progress. The reason for this 
inav be seen in the river profiles 
which are drawn from three 
stages of the river’s annual fiuc- 
tuations. The down-stream slope 
(AC) of the flood wave has in- 
creased over the normal slope of 
the river (GF). This results in 
an increase of speed of the waters KELENA- 
on this slope. On the other hand, 
the up-stream slope (2A) is a 
less one than the normal slope 
(Dr), and a deerease of speed 
over normal flow results. At cer- 
tain times the slope (BA) may he 
against gravity, and a further 
retardation will le experienced. 
This would oceur when a tribu- 
tary added a large voluine of 
water to the Mississippi, as in the 
case of the Ohio during ihe 
spring freshets. The tendency 
of this merease of speed on the © VICKSBURG 
down-river side of a flood wave 
and the decrease of velocity on 
the up-river side is to reduce the 
size of the flood wave by draining 
off the excess of water faster than 
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ess to so act, a flood would finally reduce itself to an insignificant 
rise of water. 

The following table may yield additional information concerning 
flood conditions: 


} 


| Frisia | Gates: es 3 Ee ee | : Above Danger 
Station. eee ae |aes |e. cess: | See: | eee 
| AlO | alter Sco dey Sams S ane a | Ator | 5 Feet 
a | & | Above, ere 
Cairg® fenvecs sts sash 0 | 328 ft. 278 ft.| 50 ft.| 50.17 ft. | 50.60 ft. 24 days 8 days 
New Madrid ........ 70 | 302 | 263 39 | 42.90 39.50 53 8 
Memphis ............ 230 | 210 =| 169 41 | 41.60 40.60 54 13 
THON eens cucaaens | 306 }199 | 145 54 54.10 | 51.00 67 re 
Arkansas City ...... 438 | 156 09 57 56.30 =| 53.00 (82 42 
Greenville ...... | 478 | 144 | 92 52 50.50 49.10 (42 12 
Vicksburg ........ .. 599 | 104 46 58 55.00 51.80 45 pal 
INSUCROZ satiexeseen ane 700 | 74 | 22 52, | 54.00 50.40 
Red River Landing 765 60 | 10 | 50 | 5250 | 50.00 
Baton Rouge........ | 833 | 47 7 40 43.20 | 40.00 
Carrolivon:s:.:civad “SO | 27 7 20 20.35 | 19.40 
: | 


Levees were constructed by the early settlers of Louisiana about the 
year 1717 near New Orleans. In 1844 the right bank of the river 
in this state was embanked and many other isolated levees were in 
existence, especially along the Yazoo basin front. The average height 
of the Louisiana levees was four feet. Through the years up to 1832, 
there seems to have been a constant agitation of the “question of levee 
building.  Tiparian states, districts and owners formed committees 
and boards, taxed the protected lands or the products of these lands 
and in general managed to put their constituents under a heavy burden 
of debt. In 1558 a tax of 10 cents per acre was demanded on all lands 
which were freed from inundation, and such Jands as bordered the river 
were often subjected to a tax of 25 cents per acre. In 1865 a board 
was constituted with a revenue derived from a tax on cotton of 1 cent 
per pound. In the year 1882, a flood greater than any previously ex- 
perienced overflowed the entire basin and destroyed most of the levees 
then existing. The Mississippi River Commission, created a few years 
before, now entered upon its work at an opportune time. With the 
Jandowners disheartened, their labors resulting in little gain, their 
money invested in levees swept away, the allotments of the commission 
were enough to revive the courage of the riparian proprietors. There 
has been a steady gain in the protection of the alluvial basin since the 
creation of this commission. At present the levee system comprises 
about 1,500 iniles of structure and is 71 per cent. completed. 

The height of the levees is a varying one. If the levee is built on 
the immediate banks of the stream (Fig. 3), which is the highest part 

*Hich water, 1903, and low water, 1895, are reckoned from the Memphis 


datum. The numbers are, roughly, seven feet too high for Gulf levels as the 
base. 
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of the flood plain, a levee less high might suffice as well as one built on 
the back-slope. Where the original four-foot levee stood in Louisiana 
is a levee about 16 feet high. ‘The top is not much higher than the top 
of the original levee, but, being situated at some distanee from the 
banks, its base is 10 feet lower. The immediate banks of the river are 
so subject to caving that they do not make, in all cases, a safe founda- 
tion for a levee. It has been considered safer and wiser in many in- 
stances to bnild a more stable foundation. Furthermore, if the levees 
are built upon the higher and immediate parts of the flood plain, the 
levees would be nearer each other. The nearer they approach one 
another, the higher they must be. Any detraction from the horizontal 
expansion of the waters must be evidenced in a vertical expansion. 
With the levees plaeed further apart, a less height is possible. The 
thing that determines the height to whielt they shall be built is the flood. 
There is an endeavor to place the grade of the levees at from 2 to 4 
feet above the gauge measurements of the highest floods. Thus for a 
while the provisional grade was 2 to 3 feet above the 1897 flood. 
Later the 1905 flood set a new mark and a grade 2 to 2.5 feet above the 
1903 high-water line is suggested. At Lake Providence, the 1903 
water mark was 2 feet above the 1897; at Greenville, it was 2.4 feet 
above. Accordingly, the high water of 1903 reached approximately 
to the tops of the levees suggested after the 1897 flood, and a new 
height, 2 to 3 feet above the former, is now demanded. This latter 
height is about 5 feet above the provisional grade of five vears ago. 
As the levees approach completion, higher and higher grades must 
inevitably result. As long as there is relief of the waters by incom- 
pleted levees and crevasses, the necessary height ean not be determined. 
When the remaining 29 per cent. of levee is constructed and the system 
withstands one of the greater floods without a erevasse, the exeessive 
flood will determine the height of the levees. Even then certain fae- 
tors of flood conditions may so unite as to eause a flood whieh will 
overtop the system. ‘The statement of the character and condition 
of the system under the strain of the 1903 flood indicates that there 
iz much left to be done. In the upper part of the basin, the levees were 
reported too low and of insufficient dimensions. The high water 
reached to the top for one half of the entire length of the lower St. 
Francis district and for many miles was above the tops, being restrained 
froin spreading over the basin by capping the levees with planks, dirt 
and sand-bags. In the district below, it is reported that because of the 
settlement of the embankment and because about 20 miles of the line 
in the lower end of the district had not been raised to the provisional 
grade, considerable work was required to prevent the water from over- 
flowing the levees. Again in Louisiana, the topping of the levees by 
planks and sand-filled bags was necessary over a distance of 71 miles 
of the line in order to prevent a wash-over. An engineer reports that 
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the most vulnerable feature is the mstability of the foundation along 
much of the levee line. 

The etiiciency of the levee system is the test of all the labor and the 
justification of the large expenditures. The increasing efficiency may 
be measured in many ways. A comparison of the number of crevasses 
and the total number of miles of destroyed levees with the records of 
previous floods is the one in general use. In 1882, 284 crevasses were 
recorded and 59 miles of levee were destroyed. ‘This record has been 
gradually improved. In 1890, but 23 erevasses were reported and 4.25 
miles of levee destroved. In 1897, the number of erevasses increased 
to 49, with a loss of 8.3 miles of levee. In the 1903 flood, 9 crevasses 
of importance were recorded and 5 of these caused a loss of 2.1 miles 
of the levees. The loss of levees by caving banks was a little less than 
1 per eent. of the entire contents. Last year (1904) in a period of 
quieter flood the percentage was over 2.5. The number of sqtiare 
miles of overflowed area in 1903 was .5 the mileage for 1897. There 
is no doubt but that the levee system as it approaches completion is 
being made stronger and safer. Yet each crevasse or natural break 
spreading the confined waters over larger areas releases the tension 
on the banks and to some extent prevents others from oceurring. To 
enclose the water which has spread naturally over 29,700 square miles 
between two walls less than 5 miles apart and covering about one tenth 
of its former area Is no easy task. ‘Till the present svstem is com- 
pleted, the possibility of a flood will be uncertain that always grave 
dangers may be incurred to hfe and property within the hinits of the 
alluvial basin of the river. 

The commisstoners in their general report furnish the best proof 
of the inereased confidence in the levees by citing the progress and 
growth of the Yazoo Basin since their board was created. The popu- 
lation of this district was 94,672 in 1880, and 195,346 in 1900. The 
present valuation of the basin is $42,000,000. The number of banks 
have inereased from 2 in 1893 to 51; the mileage of railroads from 225 
In 188+ to 816. The cotton production in 1879 was 185,868 bales; 
In 1903, 426,414. The inerease in corn, peas, clover and alfalfa is 
reported to be even greater than that of cotton. The original timber 
of the basin is being cleared, and there are now large shipments of 
lumber, as logs, boards, staves, headings and the like. Flourishing 
crops are seen to-day where in former years the floods measured from 
20 to 25 feet in depth. ‘The Yazoo Basin is sprinkled with towns 
whose sites were the home of the bear and the wild cat ten years ago.’ 

The engineers of this distriet in their reports of the flood of 1903 
state that about one fourth of the Yazoo Basin was under water during 
this flood. ‘Two crevasses oeeurred, letting water into the basin. One 
of these, three miles below Greenville, Mississippi, was at its greatest 
width a breach of 5,900 feet. The water flowed baek upon Green- 
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ville and more than one half of that city was under water. Forces 
were set to work building a protection levee in the city and moving 
goods to a place of safety. .\s far as can be ascertained no lives were 
lost. Little or no loss in crops was sustained, as the flood came before 
the planting and the area was largely drained before that season arrived. 
‘I'he losses were mainly in live stoek, fences and buildings. In contrast 
with the security so easily shown, in the reports of the commission, to 
be the experience of the inhabitants of the Yazoo Basin, the engineers 
in charge of the levees seem to congratulate themselves that no other 
crevasses occurred, for many weak places developed that required the 
utmost care and attention to hold intact. They state as their ex- 
pectation that crevasses are hable to occur at any high-water season 
and at any point in the system or ‘until all levees are brought up 
to a sufficient section to withstand the long-eontinued strain due to the 
water remaining for weeks near the top.” Although the statement 
quoted, on the face of it. rather begs the question, we are at liberty 
to infer therefrom that too much confidence had better not be held 
in the protective value of much of the present line. So near to dis- 
aster do the floods approach oftentimes, that every element which the 
engineers can control is considered a necessary ally in cooperation for 
the protection of the levees. During the 1903 flood, the river boats 
were required to run at a reduced speed along a portion of this basin 
front. So full was the river and the waters stood so near the top of 
the levee that it was not considered wise to subject the embankment 
tc the wash of passing steamers. It may be stated in this connection 
that a storm, arising as the water is nearing the erest of the levees, 
ean not be so summarily dealt with; and it often causes a day or two 
of apprehension, if indeed the beating waves do not tear their way 
throngh the structure. 

A harsher note is sounded by an observer of the Weather Burean® 
than is struck in the reports of the commission. There were favorable 
and mitigating circumstances which decreased the volume of the 1903 
flood. Two factors materially modified the destructive feature of the 
flood; one of these was an early oceurrenee and the other a shorter 
duration. Both these factors spring from the same cause. Not- 
withstanding these compensating qualities this writer reports that the 
water during a period of two weeks was higher at Greenville and Ar- 
kansas City than it had ever before been known to be. The destructive 
work of the flood is summed up as follows: Some loss of stock in the 
basin; 115 houses evacuated in Greenville; 200 aeres of fine farming 
land badly washed and left covered with sand; suspension of traffic 
on the Yazoo and Mississippi Valley Railroad from March 27 to April 
17, and on the Riverside Division from March 27 to May 7; 1,460 


3 Bull. M. ‘The Floods of the Spring of 1903 in the Mississippi Watershed,’ 
H. C. Frankenfield. 
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square miles of land overflowed in this basin, one half of which was 
farm land; 60,000 people lived in the overfowed district and were, 
therefore, inconvenienced ; this number of people represents about one 
third of the inhabitants of the basin. For some time previous to the 
coming of the flood, the dwellers in the basin were preparing for the 
flood season. Mounds were built for temporary refuge. Stationary 
platforms were construeted to the same end. Rafts were also made. 
The mules, horses and the feed were in many instances transferred to 
places of safety, often to the lofts of the barns. Farm implements and 
machinery were put beyond the reach of the water. That the warning 
of the Weather Bureau was so extensively heeded explains why there 
was no loss of life and little loss of stock. 

These three reports of the same thing are not so contradictory as 
they sound. Each observer is looking for the things that sustain 
him and his point of view, and is not directly interested in the things 
that are foreign. One writer tries to establish the security of the basin 
of the Yazoo against danger to life and property, because that is what 
the board was created to do; a second writer tries to show how weak 
the levee is, in order to press home the need of funds—and he makes 
imminent danger to the basin area a nieans; the third shows that with- 
out the services of the branch he represents, the loss of property and 
life would be multiplied. The first man is right to some extent, and he 
is sustained by the second. who sees how near to each other danger and 
safety sometimes approaeh—and they are aided by the third. [ doubt 
not but that the Weather Bureau may make as just a claim for the 
credit of the progress in the Yazoo Basin as the River Commission. 

If the increasingly better reports influence a larger population and 
larger expenditures in holdings within the alluvial basin of the Missis- 
sippi. and the hopes of the engineers heeome realized to the extent of 
normal safety, then, perhaps, the levee system can be called efficient. 
Twenty vears may be too short a time to consider the etfeet of the 
system upon population, and at the same time we must remember that 
lit two thirds of the levee lines are completed, vet in this time the 
commissioners report an inerease of population over the Yazoo Basin 
of over 100 per cent. Tt seems as if the people were becoming confi- 
dent that there is ‘ seenrity and permanence of protection * in the work 
that is in progress. Yet just so far as this confidence is expressed in 
settlement within the area liable to overflow, so much further must the 
levees protect beyond peradventure of disaster. In an inerease of 100 
per cent. in population and a decrease of 50 per cent. in mileage of 
overflow, if the terms are commensnrate, there is no gain; if the terms 
are incommensurate, there is as good a ehance for a loss as a gain. 
Just meeting the limit of strain, or preventing a break only by excessive 
vigilance and energy, or saving from disaster by some mitigating eir- 
cunistance is not the end to be aimed at; but to be as reasonably sure as 
it is given man to be that an overflow can not oecur must be the plan. 
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THE JEWS: A STUDY OF RACE AND ENVIRONMENT 
BY MAURICE FISHBERG 


1 the search for the causes of various social phenomena characteristic 

of the Jews, most writers have been content to give ‘ race influ- 
ence’ a prominent place. The effects of the physical and social environ- 
ment on the individual, or group of individuals, have been neglected. 
Once that remarkable cloak for our ignorance, ‘race,’ had served the 
purpose of explaining easily the causation of a given social fact, it was 
an easy matter to rest content with this explanation. It was repeatedly 
alleged that the Jews, though scattered in all the regions of the habit- 
able globe, subjected to all varieties of climatic, social and economic 
conditions, nevertheless present everywhere the same characteristics 
with a remarkable uniformity. Demographic and social phenomena, 
such as fertility, mortality, marriage rates, illegitimacy, intermarriage, 
divorce, criminality, ete., were all attributed to ethnic origins, to 
Semitic influences. 

Anthropological research has, however, revealed that there is no 
such thing as Jewish race, that ethnically Jews differ according to 
the country and even the province of the country in which they happen 
to live, just as catholics or protestants in various countries differ from 
each other. It was shown that there are various types of Jews, tall and 
short, blond and brunette, brachycephalic and dolichocephalie, ete. ; 
and that all these types appear to correspond to the types encountered 
among the non-Jewish population among which they live. ‘ Race’ 
can, consequently, not be the only cause of the demographic and social 
peculiarities said to be characteristic of the Jews. Other causes are to 
be sought for. 

In the following studies statistical data of recent censuses in various 
European countries have been utilized in an attempt to find primarily 
whether the Jews do actually present uniformly, as has been alleged, 
similar social and demographic phenomena in every country, irrespect- 
ive of difference of the physical and social environment. While the 
ethnic factor has not been neglected, still, in cases in which race in- 
fluence is not sufficient to explain satisfactorily a social or demo- 
graphie fact, or is in direct contradiction with actual conditions, the 
effects of the physical environment and of social conditions have heen 
looked into. The author assumes that if an ethnic cause exclusively 
underlies a given social fact observed among the Jews, then we should 
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expect that the Jews in every country would present the same _ pe- 
culiarity. 


I will begin with the question of the fertility of the Jews. 
IT. Natality 


Irom the enormous mass of vital statistics collected during the 
past century, nothing definite could be established as to the influence 
of race on the birth rate. On the one hand, one would be led to 
believe that the Teutons have a high birth rate, when judged by the 
proportion of births in the German empire, but, on the other hand, in 
Scandinavia, where the Teutons have preserved themselves in a much 
greater purity, the rates are comparatively low, and the same is true of 
England. The Slavonie races in eastern Europe have a very high 
degree of fertility, but the differences in the various provinces of 
Russia, Poland and Austria are so great as to disprove directly the 
contention that race is necessarily the cause. In the same manner, the 
differences in the rates in Italy and southern France are striking. 
The racial elements are about the same in both countries, yet the birth 
rate of Italy is much higher than that of France. The Jews in Europe, 
owing to their isolation and alleged abstinence from intermarriage with 
other peoples, should offer good material for the solution of the ques- 
tion on the influence of raee on fertilty. 


Birth Rate per 1,000 Population.! 


Country. Year. poet Z ¥ 
| Jews. Christians. 
DA PBIVAG pastcswssaiyenystuserereasentoncs | 1903 44.67 32.57 
Galiciancii skit ese 1900 38.01 45.86 
Warsaw (Poland) .........:ecceeeeeees 1897 35.79 37.92 
European Russia...........0ccsseeesees 1897 35.43 53.36 
ANIStilacecnot Soca Sone cee ewunss cise Se 1901 33.89 38.01 
PLUN@ APY cee csiatievisderonvecwaneaes are | 1900 33.81 39.34 
ROUMIETIIAtsds.cssdcasnccdoadaen een snesee 1902 32.36 42.86 
Bukowina...........06 sitdine ntiesiee aoc 1900 29.54 | 42.81 
Amsterdam ......ccccscccceseceeeeeeeeees 1900 24.82 31.53 
Lower AUStria...........cccceeceeeeeees | 1901 20.51 32.10 
PTUaSiaiccs bcos sca seaeseasaesdove cae tbeeey 1903 18.40 36.03 
Boh@arias sss csacisedtes 4.acsnd ace’ 1900 17.85 34.88 
DAV ALIAS ockewls sac ceseaeend on eoseauauees| 19038 17.80 37.80 
Beil itivcscescce. sccatees nce oeenee esta et ees 1904 17.02 27.36 
PYAGUG ics soaktacaswanes saieteeeecenea: 1901 15.85 31.31 


It has been observed all over Europe that the birth rates of the 
Jews are low. When compared with the non-Jewish population of 
some eountries, like Prussia, Bavaria, Bohemia, ete., they are only one 
half as fertile as the christians. Some authors have asserted that 

1The term ‘ christian’ includes: In Algeria, the Europeans living in that 
colony, the Mohammedan inhabitants being polygamous can not be compared 
with the monogamous Jews; in Warsaw Roman Catholies are referred to, and 
in European Russia, Greek Orthodox; in all the rest it includes the total non- 
Jewish population of the country. 
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this has a definite physiologic or ethnic basis as its cause, which is 
common to all Jews living in different countries. The social environ- 
ment, such as economic prosperity, occupation, city life, etc., and also 
climatic conditions, were not considered. ‘ Race’ was a satisfactory 
explanation. But the figures in the appended table giving birth rates 
of the Jews and christians in various European countries disprove the 
ethnic theory of the low birth rate of the Jews. If it was a phys- 
iological characteristic of the Jews, we should expect that the rates 
in every country would be about the same. As a matter of fact, how- 
ever, the figures show wide limits of variation. In Algeria the rate 
is 44.67 per 1,000 population; in Galicia, 38.01; in Russia, 35.79, ete., 
while in Bavaria and Bohemia it is only 17.8, and in the city of 
Prague only 15.85. Ethnic conditions are never known to display 
such wide limits of variation. 

It appears from these figures that wherever the rates are higher 
among the christian population, the Jews also show higher rates and 
the reverse. This is particularly striking when separate provinces of 
a country are considered. The following figures, taken from Ruppin’s 
work on the Jews, illustrate this fact in Austria: 


Province. Year = ee as 
Jews. Christians. 
BOR @DiI 8s wscsacc ce vidieesavacsemsedicceee 1900 17.85 34.88 
Lower AUStria....cccccseccecsceeseenes | ms ! 20,51 32.10 
DUKOWINA: cise woes pecs cducee cused sted | es 29.54 42.81 
GEATTC1 Asc oe nietnsa bi ec aseetdiees teens Ms 38.01 45.09 
Mo tal AUSUrIA sce cesceesecdedesesoeccas s | «“ 33.89 38.01 


It is thus seen that in Galicia and Bukowina, where the birth rates 
of the christians are high, the Jews also have a high rate, while in 
Bohemia and Lower Austria the rates for both Jews and christians are 
low. In the fifteen provinces of Russia which constitute the so-called 
* Pale of Settlement,’ the same phenomenon was revealed in the statis- 
tics collected during the census of 1897, the birth rate of the christian 
population being 51.71, and that of the Jews, 32.13 per 1,000 popula- 
tion. Irom the figures presented below, it appears that in the prov- 
inces where the higher birth rates are observed among the christians 
the Jews also are more fertile, and the reverse. Thus in Ekater- 
inoslay and Wieff the highest rates are recorded among both Jews and 
christians, while in Kovno, Bessarabia and Wilna the lowest rates are 
recorded both among the Jews and the christians. With two excep- 
iions (Minsk and Poltava) the rule appears to hold good. 


Christians. Jewa, 
Pkaterinoslav toss gocher aw fete Se Go wa ere ene SR 61.82 42.23 
NSST OTE tees aneet oes SS dae Be deepen de Mees enna ha dit fey SCo gt aoa aay 55.44 39.92 


NA MSK Seeeyed so a daetot, Sayhaue he niga wens eae ee Paco 54.90 29.76 
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Christians. Jews 
(CHORSON S42 e-frec aeiate tn ated Sneed birds cha th Bie wenden 54.30 34.15 
MOV TMA ose decease oa a orate Nie eae le ees genes Sac aoe aN ales as 53.31 35.67 
HES IDE Vol: hao ema EE Rae Ce me A §2.51 34.48 
MOTOR 2 i) cee je che28 we ean atte 60S Gicalta Se sand tees Se ws, arte Be §2.30 28.16 
IPOGOIVA® oes Sas 2a bo each SORE Howest tbc ew ble eee 52.06 34.66 
GOON 4d arte Poo eh ete he By tele janet falls 50.96 29.84 
Chermigolh,. 24.0650 Sie nid eaten ew Goins ed wade oes 50.67 28.13 
POCA V 03 be dhs sateen eo aecaeine Sel einalie, ib. '8 Sal & where ahs aeholeee 49.00 36.51 
Wate bsiit st oo gitar not ee tc te MR ce oO eet hee kates 46.85 31.00 
WEN aes scat cccte kiadaeoho rs, dace! pins Gatteperd, ones Gtete ate cteaes, Cee 45.10 21.72 
Besearabias ea ccs cel seca a ee eee See he ee Pad 44.46 27.91 
FROMMOL 2 cccks ce iad os halal as egies eo OR 40.98 27.34 


An attempt has been made by several statisticians to find some 
geographical differences in the birth rates of Europe. Sundbarg points 
out that some striking differences are to be noted in the rates when 
eastern Europe is compared with western Europe. He calculated an 
annual rate per 1,000 population for eastern Europe, 46.1; for western 
Europe, 33.6; southwest, only 32.3, and northwest, 34.7. On the whole, 
his calculations are well-founded, although there are some exceptions 
which are attributed to social conditions of a local nature. A glance 
at the table of the birth rates of the Jews in various European coun- 
tries shows that while their fertility is everywhere lower than that of 
the christians, still in general they follow the rule laid down by Sund- 
birg. Taking Russia, Poland and Galicia as typical of eastern Europe, 
we find that the rates for the Jews are highest, reaching 38.01 in 
Galicia. Considering Bavaria as typical of the west, we find here the 
lowest rate, only 17. Amsterdam is intermediate between these two, 
only 24.82, corresponding roughly to the northwest of Europe. For 
the south there are no available data, except some collected in the 
middle of the last century (1861) showing that in Tuscany the birth 
rate was 27.2 among the Jews as against 39.0 among the christians. 

It thus appears that the Jews follow quite closely the rates observed 
in Europe. The highest rates are observed in the east, the lowest in 
the west, ete. It is also known that in Denmark the birth rate of the 
Jews is very low, corresponding to the north, and in France conditions 
are similar to those observed among the French. In general it can be 
stated that with some local exceptions Sundbiirg’s rule holds as good 
for Jews as for non-Jews in Europe. 

It would be misleading to explain the lower birth rates of the Jews 
when compared with christians as due to a physiological characteristic 
having as its cause a peculiar ethnic trait. The facts that the rates are 
not everywhere the same, but show wide variations, and that these 
variations correspond more or less closely to those observed among 
the non-Jewish population, are against any such theory. <A close study 
of certain social conditions of the Jews offers a more reliable explana- 
tion. 


THE JEWS: RACE AND ENVIRONMENT 261 


It is noteworthy that the birth rates of the Jews are decreasing 
much more decidedly than those of the Christians in the countries in 
which they live. In Poland, for instance, the birth rate of the Jews 
was in 1891, 36.98, sinking in 1901 to 30.85, while among the Catholic 
population of that city it remained stationary, 41.58 and 41.59, re- 
spectively. In Roumania it decreased among the Jews from +0.14 
in 1896 to 32.36 in 1902, as against an increase of from 41.19 to 
42.86 among the Christians. In Hungary also the rate sank from 
36.86 in 1891-95, to 32.19 in 1905. In western Europe this de- 
crease of the birth rates among the Jews is actually appalling. In 
Bavaria the difference between 1876 and 1903 is nearly one half: 


Annual Birth Rate. 


Jews. Christiang, 
VSO wba e eee keels Foe a necet 34.4 45.9 
L903: scared beg dated endothe thie we 17.8 37.3 


The birth rate of the Jews has thus decreased nearly one half within 
twenty-seven years, while among the christians the decrease is only 
slight. That this is not due to any special cause operating in 1903 is 
shown by the fact that it has been steadily going down. ‘The average 
annual rates were in Bavaria as follows: 


1876-1880 .................. 33.5 
1888-1890 12... 0... eee eee 26.3 
LS90=H1900) eves cee eee ees 19.9 

NOG epics ae Scns tates Ha a 17.8 


In Prussia the same phenomenon is to be observed. The rates have 
decreased since 1875 among the Jews and increased among the Chris- 
tians. As Arthur Ruppin shows, if we consider the absolute number 
of births during 1875 as 100, then it is found that during 1903 only 
61.56 per cent. were recorded among the Jews, while among the chris- 
tians it increased to 118.47 per cent. In the following table, giving 
the rates in Prussia for eighty consecutive years, is shown the steady 
fall of the fertility of the Jews; it shows that the christians bear 
nearly double the number of children as the Jews: 


| 1898-02 


1822-40 1841-66 1878-82 1888-92 | 1898-97 | 
Christians .c.asdivcanns 40.01 39.55 37.92 37.03 36.89 | 36.19 
DEW Si aihici waitress coteeae 35.46 S475 29.96 | 23.75 j) 21.61 19.71 


The same is found to be the case in the United States: from statis- 
ties collected by the eleventh census (Census Bulletin No. 19, 1890), 
it is seen that the birth rate of the Jews is only 20.81 per 1,900 
population, which is at least ten per 1,000 lower than the average birth 
rate among the general population. <A fairer means of comparison, 
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however, is the ratio of births with reference to the number of women 
of child-bearing age present, viz., those between 15 and 49 years of 
age, inclusive. This rate was found to be 72.87 per 1,000, as against 
82.9 in Massachusetts, and 86 in Rhode Island. Durig the six years 
in which this investigation was made by the census officials, the rates 
among the Jews were decreasing perceptibly, showing the same tend- 
ency as is observed among the Jews in Europe. Physicians who 
practise their profession among the immigrant Jewish population of 
New York City all agree that its fertility is decidedly decreasing. 
Those who have been a longer time in the United States are always 
inquiring about the best means of limiting the size of the family, while 
the native Jews are hardly to be distinguished in this respect from the 
average American city population. 

In no country in the civilized world is there to be seen such 
formidable decline in fertility as among the Jews in western Europe. 
In Germany the rates among the christians have remained about the 
same sinee the beginning of the nineteenth century: since 1840 the 
rates have been about 36, and remained so at the beginning of the 
twentieth century. In some provinces it has only slightly decreased, 
as in Prussia from 37.8 in 1841 to 36.5 in 1900. The most striking 
decline in procreative capacity is said to be observed in France. But 
even there it was 27.3 in 1841-40, and it sank to 22 m 1900. This 
is considered the most appalling deeline. But among the Jews racial 
self-effacement is much more pronounced; in Prussia the birth rate 
sank from 35.46 in 1822-40 to 18.71 in 1904; in Bohemia, Bavaria, 
etc., the rates are lower, only 17 per 1,000 population; in large cities 
like Berlin, it is even lower, almost on the verge of reaching a vanishing 
point. The effects of this violent race suicide are evident to every 
one: the number of native Jews in those countries is decreasing in rapid 
strides to an extent unknown in the history of any civilized people. 

It has been stated that, notwithstanding the low birth rate, the 
Jews have a higher marriage fecundity or frnitfulness than the chris- 
tians. This is not borne out by facts. In the following table it is 
seen that in Russia, Prussia and Bavaria the average number of chil- 
dren to a marriage is smaller than among their non-Jewish neighbors. 


Country. Year. Jews. | Christians. 
FRUSSIA Tce teed eonce ies ch deeuade eee | 1897 4.33 5.63 
Poland ( Warsaw ).......cccccceeeees 1901 | 4.59 2.95 
POUSEL Ad oc cer ss tsse sade tehs Sou owe eeese tae 1901 5.37 4.59 
ROWMAN A 628 eo ohs bes ddece tees esndies 1902 3.22 2.15 
Prussia ..... JDeeeas aed pane oe ce eh eee as 1875-99 3.77 4.40 
BaVavlalsel cerecsteossteses ce sorte cea ree | 1903 2.31 4.30 


That this low fecundity has not always been observed among the Jews 
is shown from figures about the Bavarian Jews collected by J. Thon. 
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The average number of children per marriage was during 1876-80, 
4.75; it decreased during the next five-year period to 4.15; during 
1886-90 to 3.49; then a further fall was observed to 3.01; during 
1896-1900 it was only 2.50, and during 1902 and 1903 it again de- 
creased, falling to an average of 2.20 and 2.31 children, respectively, 
per marriage. 

In western Europe, where the birth rates of the Jews are lower, 
their fecundity is also lower. As will be seen later, this goes hand- 
in-hand with late marriges, celibacy, ete., among the Jews. In Russia, 
Poland, Galicia, Algiers, etc., where they are isolated from their chris- 
tian neighbors and remain unaffected by what is generally known as 
modern civilized life, they marry earlier, have few celibates and raise 
large families. The birth rates are as a result quite high, though not 
as high as among the christians, who are largely engaged in agricul- 
ture and marry even earlier, as is the case in Russia and Galicia. Yet 
it must be remembered that in small cities in eastern Europe it is con- 
sidered a sin for a Jew to remain unmarried, and an old maid in the 
family is a disgrace. In western Europe, on the other hand, the Jews 
are on a high social, economic and intellectual plane. Such people can 
not afford to marry early, and, after marriage, are not anxious to 
raise large families, for reasons known to-day in every large city. As 
a result they bear fewer children. Striking illustrations of this con- 
dition are presented in Austria. In Galicia and the Bukowina the 
rates are high, which goes hand-in-hand with poverty and strict ad- 
herence to their religious belief; in Bohemia and Lower Austria the 
rates are low, corresponding to the social and economic prosperity of 
the Jews in these provinces with the concomitant late marriages, 
celibacy, voluntary restriction, ete. In the United States also the 
newly arriving immigrants have a high fecundity, while the native 
Jews rarely raise large families. 


Sex at Birth 


The number of boys at birth exceeds the number of girls among 
most European nations. In some countries, like Greece and Roumania, 
the ratio is 112 to 100 girls, but the average appears to be about 103 
and 105 for European countries. It was alleged that among the 
Jews this excess of male births is more pronounced than among the 
non-Jewish population. Ignorant, as we are, of the cause of the pre- 
ponderance of males at birth, this excess, not being influenced by the 
social and physical environment, was considered a race trait of the 
Jews. 

From statistics of the Russian Pale of Jewish settlement it is seen 
that there is actually a very large excess of male births among the 
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Jews: During 1897 there were recorded 115,344 Jewish births, of 
which 66,036 were males and 49,308 were females, or 133.91 boys to 
100 girls. But a careful study of these figures brings forth strong 
suspicion as to their accuracy. Thus, when we examine the various 
provinces we find great variations. In Taurida the ratio was only 
106.15 boys to 100 girls; in Cherson, 112.15; in Poltava, 112.87; 
while in Wilna it reached 177.47; in Grodno, 170.62; in Minsk, 165.45. 
In general, it can be stated that in the southern provinces the excess 
of males is not much larger among the Jewish population than among 
the christians, while in the northwestern provinces the excess is very 
high. That climatic conditions are not the cause is shown by the 
fact that among the christians the excess of males is not much more 
pronounced in the northwest than in the south. In Wilna it was 
only 110 and in Grodno 112. Two provinces not far distant from 
each other, like Wilna and Curland, show great differences in the 
proportion of male births among the Jews—172.8 in the former and 
only 115.4 in the latter. Climatic conditions can not therefore be 
considered. 

If the excess of males were really as large as the above figures 
would seem to indicate, we should expect that the number of male 
infants below one year of age would also be excessive among the Jews. 
But from the eensus statistics of 1897 it is shown that it was only 
104.21 bovs to 100 girls below one year of age. The higher mortality 
of male infants is not sufficient to account for the loss of so many 
boys during the first year of their life. 

The only plausible explanation for this apparent excess is that 
a large number of female births are not reported to the authorities by 
the midwives and rabbis, who are expected to register each birth. The 
birth of a boy in a Jewish family is accompanied by important 
festivals and ceremonials, while the birth of a girl, particularly among 
the poorer classes, is not considered of any special importance and is 
not attended by any ceremonials. It is very dangerous in later life 
for a boy who has not been registered at birth: he can not obtain 
a passport, and may be drawn into military serviee unjustly. All this 
brings it about that practically all the boys are registered, while a large 
number of female births is missing from the registry books. That this 
is the true explanation is seen from the fact that in 1893 the proportion 
of male births was 145.9 to 100 females, while in 1899 it was only 
130.6, indicating a more complete registration of female births in 
recent years. 

If the excessive proportion of male births was a racial trait of the 
Jews it would be expected that the same phenomenon should be ob- 
served among Jews in other countries. But this is not the case. 
In Warsaw, Poland, the ratio was in 1897 only 106 boys to 100 girls. 
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Ethnically there are hardly any differences between the Polish and 
Lithuanian Jews, still the latter show a ratio of 173 in Wilna, which 
again confirms the opinion that the excess in Wilna is due to neglect 
in reporting female births. In Prussia also the proportion was in 
1893-1902, 106.24 (105.94 among the christians) ; in Austria in 1901 
it was 107.85 (106.04 among the christians). In Prague the number 
of male births among the Jews in 1901 was equal to that of the female 
births, although among the christians there was an excess of males 
amounting to 104.1 per cent. In the United States the excess of male 
births is not large among the Jews, only 103.16 (Census Bulletin No. 
19, 1890), while among the general population of Massachusetts and 
Rhode Island it is much higher. 


Proportion of Stillbirths 


Older statistics of stillbirths quoted by Bergman, Lagneau, Jacobs, 
ete., indicate that stillbirths occur less frequently among Jews than 
among Gentiles. More recent data on the subject show that this is 
not the case with the Jews in every country. Thus in Amsterdam the 
proportion of stillbirths in 1900 was among the Jews 3.48 per cent. of 
the total number of births, and much larger among the non-Jewish 
population, 4.81 per cent.; but in Warsaw it was in 1901 5.68 per 
cent. among the Jews, and only 4.13 among the christians. On the 
other hand, in Bavaria, it was in 1902-03 about the same among 
both, Jews (2.6 per cent.) and christians (2.9 per cent.). In Austria 
there are also no important differences. In 1901 the percentage of 
stillbirths was among Jews 2.61 and among christians 2.79. The 
most reliable statistics are collected in Prussia. The following are 
the percentages 


Jews. Christians. 
TS73= 1890 od cael eth ed on poe 3.98 
POON rccesece died a aves Heed oleic Gece era nce ee 3.07 3.03 
OOS ccietel eee oe Seika Mery ato Gas BERLE 2.93 3.00 
OOS? cdesea sets cad Bh es coato tine tyteotyrere ages Sse 2.83 2.99 


There is practically no material difference in this respect among 
Jews and christians in Prussia. It should be mentioned in this con- 
nection that the smaller number of illegitimate births among the Jews 
would lead one to expect a smaller percentage of stillbirths, because the 
proportion of stillbirths is very large among illegitimates. The sug- 
gestion made by some that the large proportion of bovs born among 
Jews is due to the fact that the percentage of stillbirths is small is 
also not to be seriously considered, simply because the proportion of 
stillbirths is not smaller among them. It must, however, not be over- 
looked that the percentage of stillbirths among the Jews varies with 
conditions observed among non-Jews in a given country. It is high 
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among the Jews in Warsaw, and low among the Jews in Prussia, just 
as it is among the christians in these countries. In other words, in 
eastern Europe, where childbirth is attended to by ignorant midwives, 
the proportion of stillbirths is larger than in western Europe, where 
either physicians or trained midwives are in attendance. Stillbirths 
are, after all, greatly dependent on economic conditions. They are 
very frequently met with among people in the lowest social and 
economic strata, and rare among the prosperous. 


Illegitimate Births 


Illegitimacy has often been taken as an index of the morality of 
a community. While it may be a true index in many countries, vet 
in some countries, owing to special marriage laws, an excessive pro- 
portion of illegitimate births is not necessarily an indication of vice. 
A good illustration is presented in Austria. ‘There a child is con- 
sidered illegitimate in case the parents have not registered their mar- 
riage with the civil authorities. It appears that the Jews in Galicia 
and Bukowina very often neglect to register their marriages and con- 
sider their religious ceremony as sufficient. As a result of this special 
law, it is found that while nowhere else is the proportion of illegitimate 
births among the Jews over four per cent., it reaches in Austria 61.37 
per cent. In Storozynee the records even show 99.61 per cent. of illegi- 
timate births among the Jews, which is manifestly absurd. 


Per Cent. of Iegitimacy. 


Country. Year. | Seas ae 
Jews. Christians. 
Bay iA in eeeeee aeaots oe | 1876-1900 | 1.80 13.60 
BES = K wabs setae Abalch ial crass eee | 1902 | 2.39 12.40 
eA thoe ter cet tee aaah con meth ee 1903 { 2.55 12.50 
Amsterdam. ..........ccscecsecceeeeeeers | 1900 1.71 5.88 
ANISERIAM AG oe oes Mvacdnedoaneicetotaraeys 1901 1.37 11.38 
WiATSAW) e ccsasiaise wade ls poli aee coneene ee 1901 2.14 14.33 
Prussiaecicviterhes scone: wise Sate eee 1875-1899 2.83 | 8.81 
BOS hate dbivcvosedcdaloccessuaes tee: 1901 2.89 7.88 
NO cADea vi nedesva case nuees Satnewted 1902 3.90 7.13 
Bee deste hates cous acetate 19038 3.46 | 7.06 
Berlittesccesiles veces tsanctadecvacd easeeee 1904 5.55 | 16.70 
BGG apes cui. o2csassaderewagaaton tion: 1898-1902 12.50 30.50 
RUSSIA tee e os S ces elseeeessdeadencenesiee 1897 0.36 2.61 
BR ein ok des as tee Nee tis dec otnatiy 1898 0.37 2.67 
Shs" odepaaie hae aa tahcettciacauattee bs 1899 0.54 2.65 


It is seen from the above figures that about seven illegitimate 
children are born to christians in Bavaria to one to Jews; in Amsterdam 
it is about three to one, in Warsaw seven to one, in Prussia and 
Budapest two to one, and in Russia five to one. The high percentage 
in Austria and in part of Budapest has already been explained above as 
being of no significance. 
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It is noteworthy that the percentage of illegitimacy among the 
Jews Increases as we proceed from east to west of Europe. It is very 
Jow in Russia, about one-half of one per cent. higher in Bavaria, 2.5 
per cent., and reaches over three per eent. in Prussia, while in Berlin 
it is even 5.55 per cent. This indieates that where the Jews are not 
afieeted by modern eivilized conditions, the chastity of the women is 
much superior, the family ties are much stronger, and the girls only 
rarely go wrong. In the small towns of Russia, Poland and Galicia, 
one only rarely hears of a Jewish child born out of wedlock. Un- 
married women seldom associate, even socially, with men before mar- 
riage. The absence of alcoholism, particularly among Jewesses who 
never drink, is another factor in keeping the sexes apart. But in the 
large cities in eastern Europe, where the separation of the sexes is 
not so strict, illegitimacy is encountered. In western Europe it is 
more frequent for the same reason. It was shown by Ruppin that in 
Germany illegitimaey is rarer among the Jews in eastern Prussia 
(Posen, Pomerania, East and West Prussia) where they adhere strictly 
to their orthodox religion, while in the large cities, where they have 
adopted many of the habits and eustoms of their christian neighbors, 
the percentage of illegitimaey is much higher, though still smaller than 
among non-Jews. In Russia also it is rare in Lithuania, only 0.02 per 
cent. in the province of Wilna, 0.24 per cent. in Minsk, 0.19 in Kovno, 
ete., While in the southern provinees it oceurs more often, reaching 
1.57 per cent. in Bessarabia and 1.19 per cent. in Ekaterinoslav. 

It is well known that illegitimate births are very rare among women 
living with their parents, while agricultural servants, domesties, factory 
hands, ete., show the highest percentage of births out of wedlock. The 
Jewish women in eastern Europe only rarely live away from their 
parents or relatives, comparatively few are engaged in domestic 
service, and practically none are agricultural servants. In the small 
town a Jewish girl rarely works outside of her home. In western 
Europe social conditions of the Jews are nearer those of the christians 
among whom they live, and illegitimacy is more frequent than in the 
east. But inasmuch as the economie condition of the Jews in western 
Europe is superior to the average non-Jewish, the women being taken 
better care of, illegitimacy is rarer than among Gentiles. 
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THE DEVELOPMENT OF MECHANICS 


By 8. E. SLOCUM, Pu. D. 


UNIVERSITY OF CINCINNATI 


HE history of mechanics affords a notable instance of what may be 
called the relativity of science. In the course of its develop- 
ment three distinct sets of mechanical principles have been formulated, 
each having served in its turn as the foundation of a complete system 
of mechanics. ‘The first set of principles may be regarded as the first 
mental image which man formed of the causes underlying the natural 
motion of material bodies, and, although admirable in many respects, 
was necessarily somewhat crude and naive. With increased mentality 
came the formation of a new image, showing a greater maturity of 
thought than the first and offering a more powerful method of analysis. 
Finally, in recent times, a third image has been formed, which, although 
not essentially different in content from the others, exhibits a greater 
refinement of thought and expression. It is the purpose in what fol- 
lows to outline briefly these three stages of development, and sketch 
the chief characteristics of each. 

The first scientific development of mechanics arose from investi- 
gations concerning the equilibrium and motion of the simple machines 
in common use, such as the lever, inclined plane and pulley. This 
order of development was inevitable for the twofold reason that these 
implements had become familiar by centuries of use, and that they made 
a direct appeal to the understanding through the grosser and more ele- 
mentary sensations of weight and pressure. In the second century, 
B.c., these investigations culminated in Archimedes’s famous statement 
of the principle of the lever, but for seventeen centuries thereafter this 
statement remained the only instance of correct reasoning on natural 
phenomena. Apparently human experience did not yet suffice to ex- 
tend the interpretation of natural law, as witnessed by the Ptolemaic 
system of astronomy, and Aristotle’s division of motions into natural 
and violent; a classification which served rather to obscure than 
elucidate the subject. 

In the latter part of the fifteenth century a fresh start was made, 
and the principle of the lever, handed down from Archimedes, was 
further investigated and generalized by Guido Ubaldi and Leonardo 
da Vinci. In 1586 these results were extended by Simon Stevin, 
who, by hanging a string of fourteen balls over a triangular support, 
established the properties of the inclined plane, and generalized his 
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results by stating the triangle of forces. These pioneers were followed 
by a host of lesser investigators, and by the middle of the sixteenth 
century this activity had resulted in the establishment of that branch 
of mechanics which is now called statics. 

The next step was the introduction of the fundamental elements 
of time and mass in an attempt to investigate the laws of motion. At 
first little progress was made, as the misconception prevailed that a 
constant supply of force was necessary to keep a body in motion. Pro- 
longed experiment and investigation, however, gradually resulted in 
a clearer understanding of these phenomena, and finally led to a correct 
statement of the first law of motion by the great Italian philosopher 
Galileo Galilei. Subsequent investigation of the motion of projectiles 
and falling bodies led Galileo to the two great ideas of inertia and the 
accelerating action of force, and enabled him to also state the second 
and third laws of motion. In addition to these great discoveries, Galileo 
generalized the law of equilibrium by stating the principle of virtual 
velocities, thus giving the first general solution of all problems in 
statics. 

For the next century the development of mechanics consisted chiefly 
in an application of the principles of statics to liquids and gases. The 
only notable advance in mechanical principles during this period was 
made by Huyghens, who, in connection with his invention of the 
pendulum clock, investigated the center of oscillation and was thus 
led to a more general statement of the third law of motion. 

The four fundamental ideas of space, time, force and mass were 
now firmly established, but until the time of Newton found expression 
only in an inorganic mass of facts and principles. Newton’s discovery 
of gravitation, however, led to such a broad generalization of these 
ideas as to make possible a systematic treatment of the subject, and 
mechanics as a science may be said to date from the publication of his 
famous Principia in 1686. Newton’s claim to preeminence, therefore, 
rests not on the discovery of new mechanical principles, but on the 
immeasurably greater service of bringing all natural phenomena under 
the reign of universal law. 

Only one element was now lacking to complete the series of inde- 
pendent fundamental statements necessary to constitute the foundation 
of a complete system of mechanics. There still remained the estab- 
lishment of a general relation between these fundamental concepts, 
and after eighty years of experiment and investigation along the lines 
indicated by Newton, this relation was furnished by d’Alembert in the 
statement of his famous principle. 

This closed the first stage of development. The image was now 
complete, and henceforth a system of mechanics based on this founda- 
tion must be a purely deductive science. The subsequent history of 
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mechanics verifies this statement. for sinee the time of d’Alembert no 
essentially new principle has been discovered, and Gauss may be quoted 
as authority for saying that none ever ean be. 

The second stage of development was charaeterized by the elabora- 
tion of the system of mechanics formulated by Archimedes, Galileo, 
Newton and d’Alembert. In the course of this process a new view of 
the fundamental ideas underlying the subject was attained, which 
resulted in establishing mechanies upon an entirely different basis. 
The first step in this direction was made by Euler, and consisted in 
replacing the geometrical methods of Newton and his predecessors by 
those of analysis. Euler thus laid the foundation for a system of 
analytical mechanies which was brought to its perfection by Lagrange 
in his generalized equations of motion. 

This new representation of mechanies was followed by the estab- 
lishment in the early part of the last century of two great principles; 
the principle of least action and the principle of the conservation of 
energy. It is important to note in this connection, however, that each 
of these principles is deducible from that of d’Alembert, and, conse- 
quently, that their establishment did not inerease the number of 
independent fundamental postulates. 

The first of these principles dates back to the attempt of Maupertuis 
to establish on theological grounds a principle of similar nature but 
of much more limited seope. This attempt, althongh fruitless in itself, 
served to direct thought in a new channel, and finally led Gauss to 
the statement of his ‘Principle of Least Constraint. This in turn 
led investigators to the idea that all natural phenomena present a 
maximum or a minimum, and induced Enler and Jaeobi to seek ex- 
pressions whose conditions for a minimum would give the equations of 
motion. From this it was but a step to the establishment of Hamilton’s 
principle, which consists in the analytieal statement that the variations 
of work and energy vanish for the initial and final configurations. As 
Hamilton’s principle includes both conservative and non-conservative 
svstems, it constitutes a generalization of the principle of least action. 

This second principle, like the first, was the product of evolution, 
as the ideas underlying it had been the subject of investigation from 
the time of Leibnitz and Descartes. The principle did not assume 
definite form, however, until the middle of the nineteenth century, 
when it was stated by several investigators almost simultaneously as 
the law of the conservation of energy. he names most closely asso- 
ciated with this principle are those of Mayer, Joule and Helmholtz, 
and it is eurions to note that each of these scientists arrived at his 
results by a different process: Mayer by philosophical reasoning, Joule 
hy experimentation and Helmholtz by mathematical analysis. 

The establishment of this law marked the close of the second stage 
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of development. Energy replaced force as a fundamental idea, and a 
new system of mechanics resulted, founded on the relations between 
space, time, mass and energy, as embodied in Hamilton’s principle. 

Although a comparatively short time has elapsed since the estab- 
lishment of energetics as the basis of mechanics, a third stage of de- 
velopment is already clearly marked. To characterize each stage by a 
single word, the first may be called constructive, the second deductive 
and the third, or present stage, critical. To the founders of the first 
two systems the concepts of force and mass, although more artificial 
than the intuitive ideas of space and time, were probably no less axio- 
matic. With the growth of modern scientific criticism, however, came 
the desire to go back of intuition, if that be possible, and subject the 
foundations of science to the last analysis. As the result of this tend- 
ency the foundations of the first two systems were found open to certain 
objections, which have been admirably expressed by the late Heinrich 
Hertz. The chief objection to the first system is in relation to the 
idea of foree, any definition of which seems to involve its author in 
certain logical difficulties somewhat similar to those encountered in 
attempting to define a straight line. In the second system, criticism 
is aimed not at the fundamental concepts, but at the relation between 
them as expressed in Hamilton’s principle, the objections to which are 
twofold: namely, that it has no simple, natural interpretation, and that 
it seems to endow matter with the attributes of thought and volition. 
A further objection is made to both systems on the ground of a certain 
redundancy in the fundamental ideas, three fundamental concepts being 
both necessary and sufficient, according to Kirchhoff, for the develop- 
ment of a complete svstem of mechanics. 

In view of these and other objections, Hertz and his followers have 
outlined an idea] system of mechanics based upon three elements only: 
namely, space, time and mass. To supplement the deficiency caused 
by the lack of a fourth element without increasing the number of funda- 
mental concepts, Hertz has introduced the idea of concealed motions 
acting in connection with those visible to the senses. This idea was 
originated by Lord Kelvin in his theory of vortex atoms, and was 
further developed by Maxwell in his attempt to explain electro- 
magnetic action. The first complete treatment of concealed motions, 
however, was given by Helmholtz, and in the hands of his pupil Hertz 
it has proved a powerful instrument in establishing mechanics wpon 
a more satisfactory basis. 

What the future of mechanics may be it is of course impossible 
to predict. However, the brief review of its development that has 
just been given suggests that the foundations have reached hed rock, 
and that future effort must be directed toward the enlargement of the 
superstructure and its adaptation to the growing needs of humanity. 
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DIAMONDS AND CARBONS IN BRAZIL 


By H. W. FURNIES, 


FORMERLY AMERICAN CONSUL AT BAHIA 


fT HE best diamonds of the world, those of finest color and fire, come 

from Brazil, though most of the stones mined are small in size 
as compared with those from other sections. They occur in various 
places, more particularly Goyaz, Matto Grosso, Minas Geraes and 
Bahia. It is only in the latter two states in which they have been 
found in sufficient quantities to warrant mining. 

The exact date of the discovery of diamonds in Brazil is unknown. 
At the end of the seventeenth century miners were taking out gold 
in Minas Geraes at Serro Frio and failed to recognize the diamonds 
which were occurring therewith. It is said that some stones were 
collected more because of their regularity and beauty of crystalliza- 
tion than from knowledge of their value. These in 1729 found 
their way to Portugal, where they were recognized as diamonds of 
unusual purity. The discovery caused quite a sensation at the court 
of King John V. There was a rush to the newly-discovered region, 
but the king so restricted mining that little was done until subsequent 
to 1832, when the present laws became effective. 

Diamonds were first discovered in Bahia in 1840 at Santo Ignacio 
at the extreme northwest of the present region, but not until 1844, when 
discovery was made by a slave on the banks of the Mocojé river, the 
present location of Sao Joao do Paraguassi, was any great impetus 
given to mining. ‘The mining area has gradually extended, but no 
new section was discovered until 1881 when by accident a find was 
made at Salobro, the diamonds of which usually take the name of 
Cannayieiras, the port to which they pay tribute. 

The quality of Brazilian diamonds varies greatly with the locality 
in which found, while there is always a considerable difference between 
those of the same mine. In general, those from Minas Geraes are 
fairly assorted in quality, about Salobro (Cannavieiras) the beautiful 
whites and priceless blue whites predominate, while the other Bahia 
stones are inclined to be more off-colored and frequently contain black 
specks, thereby lowering their value. 

The greater part of the Bahia diamonds differ from those found 
elsewhere in the world in that they frequently have a thin coat of 
surface color which gives the whole stone a bad appearance. This 
color will not yield to acids. To one particularly skilled, the under- 
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lying true color can be determined, but to make the stones marketable 
abroad where this is unknown, recourse is had to heating them red hot 
and pouring on a chemical when the crust is consumed and the real 
eolor appears. | have scen apparently dirty red. green, brown, blackish 
and yellow stones after burning turu out to be pure whites and blue 
whites. Stones so treated lose in weight about one per cent., and 
those with eracks or defects frequently break to ieees. 

The largest authentie Brazilian diamond ever found is the famous 
‘Estrella do Sul’ (Star of the South). It weighed 254.5 carats in 
the rough, and cnt and polished weighs 124!) carats, with a value of 
$450,000. The greater number of diamonds found are less than one 
carat; the average weight is about two carats, while a stone of 10 carats 
is a great exception. 

Carbons which occur along with diamonds are very ordimary look- 
ing stones and would be refused as a present by any one not well 
acquainted with them. Their history is very obscure. Other than 
a few sinall ones found in Minas Geraes, and those are of poor quality, 
Bahia is the only known place where they occur. They seem to have 
heen known in 1848. when a Frenchman traveling through Bahia 
bonght them for twenty-seven cents a earat under the name of ‘ fer- 
ragens’ (iron stones). In March, 1856, Mr. Domingos Gomez, of 
Roneador. took to London 6.475 carats, which he had bought for sixty 
cents a carat, and was morc than pleased to sell them at $1.25 a carat. 
At that time their sole use was to be pounded to dust for use in dia- 
mond polishing. 

The later history of the carbon is the history of the so-ealled dia- 
mond drill whieh now constitutes their principal use. For this pur- 
pose stones weighing from 11% to 4 carats are desired and larger stones 
have to be broken to these sizes. The drill consists of 6 or 8 carbons 
set in a crown or evlinder of steel forming the bit. They are set in 
such a way that they alternately slightly projeet bevond the inner 
and outer edge, thereby entting as they are rotated a core, which is 
brought to the surface from time to time as desired. Being the hardest 
known material they will cut the most refractory ores or stones, 

As the drill goes around the carbons wear off and have to be from 
time to time reset, until finally they hecome so small as to be useless. 
For this reason, unlike the diamond whose chief use is for adornment, 
the number of earbons is constantly growing less while the demand 
is exceeding production. With the perfection of the drill and its great 
use in cutting tunnels, mines. canals. ete., the price of earbon has 
steadily gone up from $17 a carat in 1892 to $60 to-day in New York 
for the best quality of proper size, and the price obtained at the mines 
has been a fair equivalent. 

The average weight of carbons encountered is mueh larger than 
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that of the largest diamonds. The frequency of occurrence where the 
two oceur together is in the proportion of three of the carbon to one 
of the diamond, by weight, while good quality carbon is worth more per 
carat than gem rough diamonds. The miners know this, and it is 
their constant desire to encounter carbons. Many of them go to the 
sacred tree near Lengoes, where the spirit of Santa Barbara, the patron 
saint of the miner, is said to have appeared, and place on a linb 
thereof a stone of the size of the carbon they wish to find. They then 
pray and it is said that the saint has blessed many of the faithful. 

The largest carbon ever encountered was found near Lencoes in 
1895, on the ledge of a mountain which had been worked some time 
before. It weighed, when found, 3.165 carats. was purchased from the 
miner for $16,000 and was finally exported to London, where it sold 
for $31,145, having lost about 50 carats meantime in drying out. In 
London it was broken into pieces suitable for drills and these pieces 
sold for about $40,000, while at the present price of carbon they would 
be worth about $158,000. 

The next largest carbon was found this vear, and is still in the 
hands of the miner. It weighed when found S869 carats, but has lost 
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several carats in drying. It is of finest quality and almost reetangular 
shape. The equivalent of $26,400 was offered for it six months ago, 
but the owner has set a price which to-day is the equivalent of 
$45,625, an impossible figure, as in breaking there is always consider- 
able loss. When carbon advances beyond a eertain figure the sale of 
necessity decreases, as then there are other products which are used 
even though lacking in durability and other desirable qualities. 

The genesis of the diamond and carbon has not been worked out 
for this seetion. Whatever it proves to be, it is certain that at one 
time they were all confined in a conglomerate which shows evidence 
of being of more recent geological date. The conglomerate differs in 
charaeter in the different sections. In the neighborhood of Lavras 
Diamantinas it consists of many colored water-washed pebbles and 
boulders, chiefly sandstone of the same nature as the strata found im- 
mediately below it; in the Salobro region it consists chiefly of granite 
pebbles. In both instances the matrix is sand of different degrees of 
hardness, fineness and color. 

With the ages a great part of the conglomerate has disintegrated 
and the rains and rivers have washed the diamonds and carbons to 
the places where they are now being found. There are large masses 
of conglomerate in many places whieh have resisted this action, and 
unless mechanical means are brought to bear will continne to yield 
diamonds and carbons for the ages during their disintegration. 

The region about Salobro is comparatively flat, in fact the greatest 
deposit oceurs in an area practically level, doubtless the old river bed. 
In the other sections of Bahia the country is roeky and mountainous, 
There is so much of rock and so little of soil that only small plants 
grow, and then only during the rain time. In some cases the rivers 
pass through gorges cut into the solid rock and most precipitous and 
awe-inspiring. On all sides there is much of interest. ‘Phe rock 
formation is a very hard reddish sandstone which completely underties 
the conglomerate and like it shows the disintegrating effects of water 
and climate. In places it has deep cracks which have become natural 
eanals. acenmulating with the ages a concentrated diamond- and 
earbon-hearine gravel. In other places immense pleces of sandstone 
and conglomerate are piled wp heterogeneously as if they had teen 
dmnped there. The canal Simplicio Braga is a combination of these 
two varieties and was one of the richest finds of the region, 

The diamond section of Bahia is inuch more accessible than that 
of Minas Geraes. One can arrive at Andarahy, the heart of the region, 
in four days from Bahia City, five hours of one day being spent m 
journey by boat. twelve hours of the next by tram and two days by 
mule. The trip is without hardships to one accustomed to travel. It 
is along attractive scenery, across rivers and imountains, passing 
through a section with beautiful calcareous caves, but with an entire 
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Fig. 2. HOME oF A WEALTHY MINE OWNER, 


lack of water, except that of the river miles away and that caught 
during the few rainfalls. 

Most of the mining is done by individuals called * garimpeiros,’ 
who either work for themselves or on shares with the owner of the 
claim. In Bahia, the number of owners hiring laborers to work their 
claims is not more than half a dozen. 

The miners are almost entirely blacks or of mixed race. The 
greater part of them live in near-by towns, but many have quarters 
built beneath an overhanging ledge, from which they have removed the 
diamond-hearing material. 

Their food consists chiefly of native beans with jerked beef and an 
abundance of mandioca meal. which takes the place of bread, with now 
and then fresh meat. a much prized boiled dinner or a piece of salt 
fish. Drinking water is in abundance everywhere. Native rum can be 
had very cheap, vet the number addicted to intemperance is very small. 
wonderfully so for a mining region. 

Many times provisions are advanced by the grocer until a find is 
made, when all is paid up. and if there is a balance such high-priced 
articles as beer, American canned oysters, lobsters, ctc.. are indulged 
in as long as the money lasts. 

The healih of the region leaves much to be desired. Because of the 
ereat quantities of semi-stagnant water on every hand, every facility is 
given to create anopheles mosquitoes, with the result that malaria in 
its worst types is alwavs in abundance, 

By far the greater part of the successful mining is still done by 
antiquated methods which have the advantage that they require little 
capital for an outfit. .\ miner's tools consist of a short-handled hoe 
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with which to stir up diamond-bearing gravel in a sluice; a crowbar 
to pry up stone to lay bare deeper layers or to break down banks of 
clay or gravel; an iron hook on a pole with which to take diamond- 
bearing gravel from beneath large stones or from cracks otherwise 
inaccessible; a small wooden basin, called ‘ carimbé, for carrying the 
gravel on the head; a large wooden basin, called * bateia, for final 
washing and concentrating the gravel; some kind of a sieve, from a 
tin can with nail holes to a more pretentious wire sieve, for sorting 
gravel and sand during the washing or concentrating process; a ham- 
mer and drill for making holes in rock for blasting, but quite often 
instead fire is built upon a rock desired to be removed. and after the 


Fic. 38. HOME OF MINER, BUILT UNDER LEDGE FROM WHICH DIAMONDS AND 
CARBONS HAVE BEEN REMOVED. 


rock has become very hot cold water is poured thereon, effectively 
cracking it and permitting its removal. 

In the home of the carbon there are no carbon or other mechanical 
drills. At present one man ean make from two to three holes a day, 
which with proper methods could be made in a few minutes, 

The method of mining differs in various sections. In the richest 
areas the work is of two kinds: removing the subsoil surface disintegra- 
tion and gravel and that in the gullies. cracks and beneath the more 
accessible stones, or mining by tunnels or following cracks into the 
pockets of the mountains, taking out the diamond- and carbon-bearing 
material consisting of soil, sand. gravel, boulders, broken and disin- 
tegrated stone, ete., called ‘ cascalho.’ 


‘ 
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The other method is in diving to the bottom of rivers and taking 
out the cascalho from there. This method is confined to a small 
section of the district where the river runs through a natural canal 
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eut into the rock. The diving can only be done when the river is 
low and is chiefly done naked. thongh there are a few diving snits in 
use. The naked divers descend a pole planted in the river and fill a 
sack with the casealho. which is taken on shore for washing. The 
ability of some of these men to go to great depths and stay under for 
long intervals is extraordinary. Jn some places attempt is made to 
work the old river hed, ut this is done with great ditticulty, as water 
will scep in almost as fast it ean he hailed out. leaving little time 
for the collection of carcalho. 

Whatever the method of taking the casealho ont, the great de- 
sideratum is an abundant supply of water for washing. Where it is 
possible water from mountain streams is conducted down by ditches 
and flames, and into these the cascalho is thrown. It is worked with 
a hoe, by which method the lighter particles are washed away. thus 
leaving a greater concentration which includes the diamonds and 
earhons. The concentration is taken out of the ditches and accumn- 
lated until the week's end. when it is labortously further concentrated 
in haters. : 

This final concentration and wash-up requires considerable dex- 
terity as well as strength. It consists in revolving and shaking the 
how] that the portions of heavier specific gravity accumulate in the 
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point in the bottom, while the lighter particles and the large stones 
are thrown on the edge of the howl and are from time to time seraped 
away with the hand. being examined meantime. While the vision of 
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Fig. 6 FInNal CuNcENTRATION ANY: WASH-UP IN LBATEIAS. 


these engaged in this process is very sharp and they will frequently 
vet from investigation Lo knew that by this method many large dia- 
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take out from sand and pebbles diamonds smaller than a pin’s head, 
monds and carbons eseape them. This in part accounts for the reason 
why large diamonds and carbons are frequently found in gravel already 
washed and picked over. I have heard of places which have been 
washed for the fourth time and paid, though doubtless in some of these 
instances the later finds were duc to disintegration of conglomerate 
which yielded up stones heretofore inaccessible. 

The limit of a good man is to concentrate and pick over a cubic 
yard of cascalho per day, but this presupposes that the eascalho is 
easy of access and that the water is near at hand. If the cascalho has 
to be taken from the eracks, crevices, caves, ete., and with the present 
methods of mining those are the only places with virgin material 
which are accessible, it is accumulated very slowly. When it is re- 
membered that at the South Africa mines there is worked over 192,000 
cubic feet per day, it can readily be scen why the output of Brazil 
with its few thousand of hand-workers sinks into insignificance, if 
indeed the diamonds are in Brazil to extract. 

The*mines of Minas Geraes have been worked regularly since their 
discovery, chiefly by hand methods until during the last ten years when 
some machinery has been installed to aid in the separation of the 
diamond-producing gravel from the clay and sand and later on in 
partly sorting the gravel prior to the final clean-up which is always 
by hand process. In Bahia a little machinery consisting of a few 
pumps, a gravel sorter and a so-called automatic separator, which does 
not separate, has heen installed at Salobro, but it is being allowed to 
rust out, work at present being done by hand entirely ignoring the 
machinery. The only other machinery in the great Bahia district con- 
sists of a few pumps mounted by an English company on the Sao Jasé 
river. This company has machinery in transit for mounting a small 
electro-hydraulic plant, but will still leave the clean-up to hand process 
instead of adopting the automatic table in use at South Africa. 

The diamondiferous lands of Bahia are owned by the state and 
Jeased either as small claims or large parcels to parties or companies 
desiring to work them. About all of the known areas capable of work 
with groups without machinery have heen preempted. The nature of 
the work already done has been such that manv productive areas have 
heen covered with tatlings. The river heds and other productive sec- 
tions which will necessitate machinery are still awaiting exploitation. 
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SIGMA NI 

CONSPICUOUS among the events that 
attended the recent Ithaca meeting of 
the American Association for the Ad- 
vancement of Science, was the twentieth 
celebration of the founding of the Sigma 
Ni, and, as so little ts known .about 
ihis organization, I venture to give a 
brief description of its history. 

The career of the Phi Beta Kappa 
Society has been a long and honorable 
one, having been founded at William 
and Mary College in Williamsburg, Va., 
on December 5, 1776, and it is, there- 
tore, the oldest of the so-called Greek 
letter societies. This organization, as 
is well known, admits to membership 
honor students in the humanities who 


are about to graduate, and the lack of | 


any organization that should similarly 
recognize distinction in the study of 
the scientifie branches led in 1886 to 
the organization in Ithaca of the So- 
ciety of the Sigma Ni, which has as its 
objects to encourage original investiga- 
tion in science, pure and applied, and 
by meeting for the discussion of scien- 


tific subjects, as well as for the publi-. 


cation of such scientific material 
might be deemed desirable; and also to 
establish fraternal relations among in- 
vestigators in scientific centers. Its 


name is derived from its motto Nrovdav 


as 


Zrrerec, signifying Companions in 
Zcalous Research. 


The success of the organization led 
to the establishment of a chapter in 


the Rensselaer Polytechnic in Troy and | 


in Union University in Schenectady a 
year later, 
sity of Kansas in 1890 and one at 
Yale University in 1895 followed. In 
1896 a chapter was established at the 
University of Minnesota and one at the 
University of Nebraska in 1897. The 


Ohio State University came next in| 


A chapter in the Univer- | 


ARTICLES 


SECS 


| 1S0S8, and the University of Pennsyl- 
“vania in 1899. With the opening of 
the new century came chapters at 
Brown and the University of lowa, and 
then Stanford University and the Uni- 
versity of California, and Columbia 
University in 1901 and 1902. Three 
chapters were established in 1903, 
namely, at the University of Michigan, 
the University of Illinois, and the Uni- 
versity of Chicago, and a year later 
organizations were effected at the Case 
School and in the University of Indiana. 

Application for a chapter is now be- 
fore the council for the University of 
Wisconsin. Thus it will be seen that 
this organization has already secured a 
good foothold and has been established 
at nearly all of the larger universities. 

The first president was Henry 8. 
| Williams, of Cornell, one of the found- 
ers, Who was sueceeded by 8. W. Willis- 
‘ton, of the University of Chicago, who 
two years ago gave place to E. L. 
Nichols, of Cornell. 
tions are usually held in’ conneetion 
‘With the meeting of the American Asso- 
ciation for the Advancement of Sci- 
the next of which will be held 
in December, 1906, many of its members 
being prominently connected with that 


Biennial conven- 


ence, 


erganization. 
ready a large one, numbering more 
than a thousand persons, most of 
whom are either teachers of or ad- 
vanced students of science. 

The different chapters hold public 
meetings at which speakers of eminence 
are invited to address the organization. 


The membership is al- 


The badge or insignia is a wateh charm 
,or pendant consisting of the mono- 
gram formed im gold of the Greek letter 
Signa superimposed on the greek letter 
Xi, the former being somwhat smaller 
than the latter. On the reverse 

of the badge is engraved on the upper 


side 
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bar the name of the eollege in which 
the owner was initiated, together with 
the date of sueh initiation; while on 
the lower bar is the name of the owner 
with the numerals of the elass in whieh 
he was graduated. The soetety has 
adopted as its eolors eleetrie blue and 
white. Its seal consists of a wreath 
of Jaurel. typifying the honorary char- 
aeter of membership in the society, ar- 
ranged as an oval enclosing the words 
‘the Soeiety of the Sigma Ni’ at the 
top and the Greek motto at the bottom. 
These 


form an inner oval eon- 


eentric with the first, pumetuated with 


words 


ten stars enelosing a field illuminated 
by the lamp of researeh, Above the 
lamp in the field of illumination is 
plaeed the monovram eomposed of the 
two Greek letters Sigma and Ni. and 


pe Oh of ee a eo 


WON TH LY 
helow it the date of the foundation. 
1856. 

At the eelebration of the twentieth 
of nearly 
every ehapter were present, and under 


anniversary, representatives 


the auspices of the local ehapter a 
publie address, commemorative of the 
‘The Reeent California 
delivered by Pro- 
C. Branner, of Stanford 
dinner 
was tendered to the visiting members 
which was presided over by Professor 
hk. LL. Niehols. when addresses were 
made by Dr. L. O. Howard, who spoke 
of the alidiation of the Sigma Ni with 
the Ameriean Assoeiation, and by Pro- 
fessor Henry &. Williams who described 
its fonnding. and by other members of 
ci Kal 38 


Gceeasion, on 
Karthquake ° 
John 


University. 


was 
fessor 
Subsequently a 


the society. 
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THE BUREAU OF EDUCATION. 


Tue retiring commissioner of eduea- 
tion has been so completely identified 
with the Burean of Edueation that it 
is diffienlt to imagine the institution 
without the man. Dr. Eliot, at Har- 
yard, and Dr. Harris, at Washington. 
have been our two great educational 
and when we turn to other 
to the ehureh, to medi- 


leaders. 
lines of service 


cine, to Jaw, to journalism, to business. 
to polities—it is doubttul whether we 
can find elsewhere two men equally 


great. This is not a time to attempt 
an analysis of the work and limita- 


tions of a complex personality. It is 
better to quote the appreciation of a 
personal friend, Dr. Canfield: “ He is 
indeed whole in himself. a common good 
a man of amplest influence yet clear- 
est of ambitions crime, our greatest 


yet with least pretense; rich im a sa- 
ying common sense, and. as the greatest 
only are, in his simplicity sublime. His 
is the good gray head which all men 
know, and his the voiee from which 
their omens all men draw. In the great 
battle of the publie schools for sound 
and effeetive citizenship he is a tower 
of streneth whieh stands foursquare to 
all the winds that blow.” 

The commissionership of education 
has been filled by the appointment of 
Dr. Elmer E. Brown, professor of edu- 
cation in the University of Calitornia. 
We inay again quote, this time from 
the the Outlook: 
* He has shown himself to he safe and 


editorial pages of 
sane, philosophie in temper, practical 
in choice of ends and means. with un- 
usual administrative ability. ready to 
take the 
by undue enthnsiasm for novelties, yet 


initiative. not carried away 


always alert for all that mark- trne 
advancement. energetic and active and 
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industrious. an able writer and speak- 
er, and of a personality which makes 


him very acceptable in the edueational 
Tn imany and beeause 
ot many characteristics and qualities he 


world. wars 
promises to he a worthy snecessor of 
ene of the most widely revered eduea- 
ters this country has ever had the good 
fortune te enlist im its service.” 

No one ean fill the vaeaney left by 
Dr. 
hus a great opportunity for useful serv- 
to that there 1s 
no other eonntry where public educa- 


Harris, but the new commissioner 


ice. It in sate say 
tion is such an important faetor in 
national life and at the same time no 
other country in which it is so com- 
pletely negleeted by the national gov- 
ernment. This paradox is of course 
due to the faet that public edueation is 
left to state and loeal authorities, as 
was doubtless intended by the federal 
But wisely or otherwise, 

contin- 
Tf it ean 
examine banks. it ean examine sehools: 


constitution. 
the national 
ually extended its functions. 


govermment has 


if it ean cooperate with states in their 
ceologieal surveys, it ean cooperate with 
As 
a matter of fact the constitution gives 


them in their educational systems. 


the congress power to ‘ provide for the 
ecmimon defense and general welfare 
of the United States. Under the 
chaneed couditions of modern civiliza- 
tion. education. science, health and well- 
heing are far more important for the 
eommpon defense and general welfare of 
the nation than are the army and the 
navy. 

But apart from cooperation with the 
states, such as now in faet exist» in the 
ease ef the Department of Agricnture 
and the land grant colleges of agricul- 


ture and the mechanie arts. there is 
ample reem to strengthen the Bureau 
of Edneation,  Atter a secretary of 
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conmerce and labor has been added to 
the cabinet, it would be only decent to 
provide for a secretary of education. 


There is probably no other nation with- , 


The 
salary of the commissioner of eduea- 


out a department ot edueation. 


tion is $3,500, and the powers of Ins | 


ollice are very limited. The bureau 
has charge of education in Alaska and 
prepares an annual report containing 
statistics and papers on education; but 
this is all. It may be wise to let the 
work of the government for education, 


science and art be distributed among 


different departments on the financial | 
But there should be cooperation , 


side. 
and a great extension of what is now 


being done. The Bureau of Edueation 


is the natural eenter, and we may look | 
to a great enlargement of its powers | 
unknown elements: and that the prop- 


and influence in the near future, 


PROFESSOR MENDELEEFE. 


DIMITRI MENDELEEFF, the greatest of 


Russian chemists, was born in Siberia_ 


seventy-two years ago. 
1859 he was an instructor ‘at the Uni- 
versity of St. Petersburg. After two 
vears of study at Heidelberg, he re- 


turned to Russia in 1861. Two years 


later he was made professor of chem-' iyo fact that the 


From 1856 till: 


istry at the Teelhnologieal Institute im 
St. Petersburg and was transferred to, 


the university in 1866. 

From the beginning Mendeléeff bas 
heen interested in theoretieal problems. 
His first paper was on isomorphism. 
For years he worked on the relations 
between specific volumes other 
properties. While notably 
Kopp, have worked along similar lines 


and 
others, 


without makmg any great weneraliza- 
consequence, it must 
that Mendeléeil’s 


tion in be ad- 


mitted great  dis- 


covery of the periodie law seems a. 


natural development from the earlier 
work, 

In 1869 Mendeléei! announced that if 
the elements he arranged in the order 
cf their atomic weights, it 
found that similar variations in their 


will 


he, 


chemical properties repeat themselves | 
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periodically, and that the order of the 
taculty of the elements to combine with 
other elements also corresponds with 
the order of their atomic weights. 

Like many another important gen- 
eralization, the real signifieance of this 
one not self-evident. Before the 
law formulated, the 
atonlie weights of the elements were 
purely empivieal numbers, and it was 
not always easy to tell what multiple 


1s 


periodie was 


of a given value should be taken as 
the true atomie weight. This was 


changed by Mendeléeff’s diseovery. The 
periodic law made it possible to de- 
termine the atomie weights of yttrium. 
and beryllium, fer instance. 
Mendeléet! went further than this. He 
pointed out that there were gaps in the 
table: that these must correspond to 


indium 


erties of these unknown elements could 
be predicted trom those of the known 
elements surrounding the gaps in the 
table. Gallium, seandium and german- 
ium have since heen discovered and have 
the properties assigned to them in ad- 
vance hy Mendeléetl, 

A more striking. though less dram- 
atic, proof of the soundness of Men- 
deléeffs generalization is to be found in 
inert of the 
atmosphere. argon, helium, neon. ete.. 
find places in the classification, though 
the possibility of there being such sub- 
It 
is not too niuch to say that the periodic 
law of Mendeléet? is recognized to-day 


eases 


stances Was not suspeeted in 1869, 


as the only basis for the classification 
of the elements. Only two contradie- 
tions have been found in nearly forty 
years, The atomie weights of the ele- 
ments, iodine and telHurium. should be 
transposed to make these substances fit 
into the table, and there is no place for 
ot the so-ealled rare elements. 


The first dithculty will disappear if any 


most 


ene can show that either tellurium or 
iodine eontains an unknown impurity. 
It must be admitted that the chances 
ot this are not good at present. 

We can avoid the difficulty as to the 
rare earths by considering a group at 
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Do- 
ing this puts the rare earth elements 
ou a somewhat diferent footing from 
the other elements. While this is 
justified “to. a) certain extent by “the 
ehemieal properties, it can not, in the 


them as equivalent to one element, 


nature of things, be a final solution. 
It we are not to throw over the periodic 
law. we muat either split other so-called 
elements into groups of elements or we 
must show that certain groups of ele- 
ments alone are possible. To succeed 
in the tirst would be to revolutionize 
To 
would be to explain the reason for the 


chemistry. sueceed in the second 
periodie law—which would also revolu- 
Whatever the out- 
come, Mendeléetl’s law will be for many 
of the 


chemical proeress, 


tiontze cheniistry. 


years one dominant factors in 


APPROPRIATIONS FOR THE -DE- 
PARTMENT OF AGRICULTURE, 


Tue agnenitural apprepriation dill 


forthe fiscal vear ending June 30, 1907, 


DIMITRI MENDELEEFF 


as finally passed by the recent session 
of congress, carries an appropriation of 
89.932.9040. 
appropriated for what may be termed 
in science distri- 
buted as follows: The Bureau of Ani- 
mal Industry reeeives $4,029.460, but 
of this amount $3,000,000 are to be de- 
voted to the meat inspeetion, the dis- 


Of this amount the sums 


work applied are 


cussion of which has occupied so much 
of the time of congress and of the publie 
during the past few weeks; 
Weather Burean, $1,439,240; Bureau of 


press 


Plant Industry, $1.024,740; Forest 
service, $1,017,500; Acrieultural Ex- 


periment Stations, imeluding the De- 
partment Oflice of Experiment Stations, 
sUT4,860; Burean of Entomology, $262,- 
loo; Division of Pulsheations, $248,- 
520; Burean of Soils, $221,460; Bureau 
of Statistics, $210.560; Bureau of 
Chemistry, S174,180; Office of Pubhe 
Roads, 870.000, Bureau of Biological 
survey, $52,000, Library, $25,850, 


Large as is the annual appropriation 


THE 


for the Department of Agriculture, it is 
only one six-hundredth of the value of 
the agricultural products of the coun- 
try, and there is every reason to sup- 
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. . . ' 
pose that it is a good investment. 
The figures of our agricultural wealth 
as given in the last report of the = 


Secretary of Agriculture are so vast 
as to be difficult to grasp. Thus the 
corn crop alone is valued at $1,216,- 
000.000, Hay, cotton, wheat, butter 
and milk and poultry and eges each 
produced prodnets worth over $500,000,- 
000. Farm products of the value of 
S527,000.000 were exported. Thanks 
to such exports the balance of trade 
in favor of this country in the course 
of the past sixteen years amounts to 
ever $5,000,000,000, The farms of the 


United States are said to have in- 
creased in value to the amount of 
$6,131.000,000 in the course of the 


past five vears. 

The Secretary of Agriculture awards 
mainly to the department eredit for the 
great advances in the prosperity of the 
farmer in recent vears. In coneluding 
his report he says: “The gratifying 
evidences of well-being in our farming 
community, the extraordinary progress 
made in the past few years, and the 
rapidly enlarging reeognition of the 
true position of the tarming industry 
im the economic life of this country are 
mainly the result of this continued and 
combined effort on the part of these 
agencies to add to the sum of the farm- 
ers knowledge, and must be regarded 
as the triumph of intelligence in the 
application of scientific knowledge to 
This 
would 


the tillage of the soil. is 
that it 


superilueus to urge the generous main- 


80 
obviously true seem 
tenance of the department in its grand 
Creat the work 
undertaken and accomplished, gratity- 


work, as has been 
Ing as have been the results, as shown 
in the first few pages of this report, 
be it remembered that we are still at 
the threshold of agricultural develop- 
and that the 


Which has led to such erand results has 


ment, edueational work 


only been extended as yet to a portion 
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of our agricultural population. There 


is not an intelligent, patriotic citizen 
in the Union who will not say with his 
Whole heart, ‘Let the good work go 


aoge 


on. 


THE WILL OF ALFRED BEIT, 


Mr. ALFRED Bett, who accumulated 
a vast fortune in South Africa and died 
on July 16, has by his will given large 
sums tor public purposes. The most 
notable bequest is $6,000,000 to his 
partners to constitute a fund, the in- 


-ecome of which is to be devoted to the 


construction, equipment or furtherance 
of any such metheds of communication 


‘or transportation in Rhodesia, Portu- 


| have 


vuese Southeast Africa or the German 


possessions, and any parts of Africa 


that may be traversed by the Cape-to- 


Cairo Railway. The trustees are to 


absolute diseretion, and if two 


“thirds decide that the fund is no longer 


required for furthering the work of 
conmiunication or transportation. they 
can apply the proceeds to edueational, 
charitable or other public purposes in 
Rhodesia, 

dollars is left to the 
University of Johannesbure to build 


One million 
and equip buildings on the land pre- 
viously given by Mr. Beit: one million 
doHars tor educational charitable 
purposes in Rhodesia and other terri- 
tories within the field of the British 
south Company; $125,000) to 
the Rhodes University. Grahamstown, 


or 


Africa 


Cape Colony, S100.000 for edueational 


or charitable purposes in the Trans- 
vaal, and 875,000 for similar purposes 
To 
the CoHeee of Technology, London Uni- 
versity, the stan of $250,000 and 1,000 


shares mn the DeLBeers Company are 


in Kimberley and in Cape Colony. 


bequeathed, and to the researeh fund 
of London University $125,000. Two 
hundred thonsand dollars is to be dis- 
tributed equally in London and Ham- 
burg for educational or eharitable pur- 
poses. To Ning’s Tfospital and Guy's 
Hospital, London, the sum of S100,000 
each Mr. Beit’s 


is) given, property 
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near Hamburg, whieh was his birth- 
place, is left to that city, and his art 
colleetions are left to the galleries in 
London, Berlin and Hambure. 
SCLENTIFIC ITEMS, 

We regret to reeord the death of 
Dr. Samuel Lewis Penfield, professor 
of mineralogy at the Shellield Seientitie 
school of Yale University, and of Dr. 
Vaul Drude, professor of physics m 
the University of Berlin. 

Str Dayvip Gitt, H. M. astronomer 
at the Cape of Good Hope, has been 
elected to sneeeed Dr. E, Ray Lan- 
kester, director of the British Museum 
of Natural History. as president of 
the British for the Ad- 
vancement of Science. The assoeia- 
tion will meet next vear at Leicester, 
The meeting 


Assoeiation 


beginning on July 31. 
the following year will be in Dublin. 
and in 1909 the association will for the 


third time visit Canada and meet in 
Winnipeg. 
A kKNtaqrmoop has been eonferred 


on Dr. W. TL. Perkin, F.R.S., the jubilee 
ot whose diseovery of the aniline dye 
mauve has recently been celebrated.— 
Professor Seubert, hitherto the German 
member of the international committee 
on atomic weights, has resigned. and 
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Professor Ostwald has been appointed 
his successor. The eommittee now 
eonsists of F. W. Clarke, United States, 
chairman; T. E. Thorpe, Great Britain; 
H. Moissan, France, and W. Ostwald, 
(sermany. 


Mrs. W. P. Fleming, eura- 
tor of astronomical photographs in the 
Harvard College Observatory, has been 
elected an honorary member of the 
Royal Soeiety. Mrs. 
Fleming has also been appointed hon- 
orary fellow in the department of as- 


Astronomical 


tronomy in Wellesley College, 


Tne General Edueation Board. 
dowed by Mir. John D. Roekefeller with 
$10,000,000, has made appropriations 
to nine institutions on condition that 
three times the sum be appropriated 
trom The appropria- 
tions, whieh amount to $312.500, are 
as follows: Coe College, Cedar Rapids, 
Ta., $50,000; Washburn College, Topeka, 
JKan., $25,000; Tulane University, New 
Orleans. $75,000; Wofford College, 
Spartanburg, 8. C., $25,000; Furman 
University, Greenville, 8S. C., $25,000; 
Wake Forest College, Wake Forest, N. 
C., $37,500. Lloward College, Birming- 
liam, Ala.. $25,000; Southwestern Uni- 
versity, Jaekson. Tenn., $25,000, and 
Clinton, Miss., 


iy 


other sourees. 


Alississippi 
825.000. 


College, 
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HERE are two sets of disturbances which shake the crust of the 

- earth and therefore go by the name of earthquakes. | Eruptive 

earthquakes are explosions, usually of steam, about a volcano. Tectonie 

earthquakes are breaks in the overloaded or overstrained crust of the 

earth, and, for the most part, have nothing to do with the steam vents 

we call voleanoes. To the last class most earthqnakes belong, certainly 
almost all that have been felt within the United States. 

Again, under the name of earthquake we include two very ditferent 
sets of phenomena, the one the rock-rift or fault, whieh is the disturb- 
ance itself, the other the spreading or interfering waves set in motion 
hy the parting, shearing and grinding of the sundered walls of rocks in 
the earthquake fault. It is the jarring waves extending in widening 
and interfering circles which do the mischief to man and his affairs. 
It is the rift of rock which sends these waves forth on their blind 
mission of confusion or destruction. 

In every tectonic earthquake there is somewhere a fanlt or rift of 
rock, with some sort of displacement, permanent or temporary, of the 
relations of the two sides. In extreme cases, this break extends for 
miles in a straight Hine. breaking the surface soil and passing down- 
ward to a depth which can be only guessed at, five or ten miles perhaps, 
perhaps as far down as the erust is rigid. There are undoubtedly 
destructive eartliquakes in which the soil is not broken over the rift of 
rock, but as a rule, in vielent disturbances, the erack comes to the sur- 
face. breaking through the overlying soil. In all severe earthquakes 
there are, moreover, breaks or fissures in the earth having no connection 
with the fault itself. These are slumps or landslides, and geologically 
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they signify Dnt little. They mean simply that loose soil has been 
shaken down. They do not go down into the underlying rock. From 
the true earthquake crack they may usually be known at once, because 
their course ix determined by the topography. They are not straight, 
The true earthquake rift moves on in straight lines, broadly speaking, 
careless of topography. — But topography is not careless of the earth- 
quake rift, On either side of it, for perhaps Tundreds of feet, the 
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rocks are crushed to fhnders by the impact and erinding of the opposed 
walls, An old) fantt is therefore marked by ay excess of erosion, A 
valley or saddle marks its general course, | Streams choose it for their 
basins. and when it crosses a mountain the softencd rock vields te form 
aosaddle or other form of depression, For these reasous, an earth- 
quake fault is often marked a California by suecessions of dairies and 
of reservoirs, Phe valleys thus formed are fertile and well watered. 


For the qmost: part. in much-fautted regions, such as form the rim of 
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EaRlHQUAKE RIFT, as it comes up from the sea at Point Arena, Mendocino County. 


the Pacific. cach earthquake rift follows the line of an old fault. and 
the original break goes back to the mountam-making periods of Ter- 
tiary times. The California earthquake of 1906 follows the axis of an 
ancient break, the * Portoléa-Tomates fault” or * San Andreas faultl 
first stncied-so: Taras TD kia by Dre abohabrannersin Esne SI 
this fanit hundreds of thousands of earthquakes. large and small have 


FISSURE AND LANDSLIP, SAN JACINTO VALLEY, 1807. 
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preeeded the recent one. In it the aggregate displacement horizon- 
tally has been very great, and the aggregate vertical displacement as 
shown by the rock strata on either side of it exceeds half a mile. 

It is the purpose of this article to trace the earthquake rift of April 
18, 1906, aeross the map of California. The accompanying photo- 
graph of a reef map by Dr. Noah Fields Drake will show the topog- 
raphy of the state. In California there are multitudes of valleys of 
various kinds. Those formed by water and ice surface erosion are 
variously eurved and ramified. Such are the mountain eafions of the 
west flanks of the Sierras. Those vallevs formed or marked by earth- 
quake eracks have almost invariably straight axes. These extend in 
general toward the north-northwest, more or less distinetly parallel 
with each other, and often intersected hy cross-faults. 

Examples of faulted valleys are the great valley of the Sacramento 
and San Joaquin, the Santa Clara Valley, San Francisco Bay, with the 
Valley of Santa Rosa, Eel River Valley, the Santa Catalina Channel, 
Owens River, the San Jaemio Valley and many others. A cross-fault 
extends from Monterey Bay up the valley of the Pajaro River. In 
some of these faults earthquakes have taken place in historic times, im 
others no break has been noted save that recorded in the rocks. Dr. 
Branner has compared a fault to a break in a bone. It represents ¢ 
weak place which will give in a time of strain. On the other hand, 
if not freshly broken, it will tend with time to heal. A broken hone 


ALDER CREEK BRIDGE, MENDOCINO CouNTYy. The earthquake rift is near the 
middle of the picture. 
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ToMALES, MARIN County. The North Shore Railroad and the earthquake rift. 


will be naturally renewed. A faulted rock bed will be cemented in 
the course of ages of pressure and of cementation, 

The most interesting of these breaks in California is that recorded 
as the Portola-Tomales fault. Its course can be plainly traced on the 
relief map. It enters the shore near the mouth of Alder Creek and 
near the low headland ealled Point Arena, in Mendocino County on the 
north, and runs to Chittenden, on the Pajaro River, m Monterey 
County, on the south. The line is almost perfectly straight, and its 
course and direction can be determined by placing a ruler on the map, 
using the line of Tomales Bay as an axis. This long, narrow, straight 
inlet is a resultant of past earthquakes, probably beginning in Tertiary 
times. It is bounded on the west by mountains which have their origin 
in some ancient upward thrust of the walls on the west side of the 
ancient faulft. 

On the eighteenth of April the trouble began in the sea. Just 
where, we may find out later. We know that the center is in the sea. 
because where the rift enters the land it was broader and its effeets 
more violent than at any other point along its extent. As the rift ean 
be traced for 192 miles across the land to the southward from Point 
Arena, it Is safe to say that it goes as far to the northward under the 
sea. A steamer crossing it the moment of the earthquake, off Men- 
doeino, ninety iniles to the northward of Point .Arena, bears witness 
to this fact. The eaptain thought that he had struek a raft of logs, 
so tierce and hard were the shocks of the waves in the water.. The 
movements were short, quick and violent, not forming a tidal wave. 
but a strange choppy sea. For the time being all rollers and surf were 
broken up. Off the bold headland of Cape Mendocino is a deep sub- 
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marine valley, to the west of which is a high mountain which does not 
rise to the surface of the ovean. In the channel between the cape and 
the subinerged mountain the earthquake rift may he supposed to run, 
In this channel numerous earthquake shocks have been recorded by 
ditferent passing vessels. TY not itself a center of disturbance, it 
records the line along which great disturbances have frequently passed. 

The rift strnck the land at the mouth of Alder Creek, above Pot 
Arena. Tt crept over the hill as a deep furrow in the black, stieky 
adobe, veering a little to left or right according to the resistance of the 
soil, but always keeping in a straight line in its general direction. It 
nay he imagined as a sort of devouring dragon, leaving its trail on the 
hills and destroying the works of man wherever it passes. It is hard 
in following its course, not to think of it as endowed with a sort of 
wicked life. Its moyement is properly front north to south, but the 
opening of the great fault seems to have been really instantaneous. — It 
took place at 5:13 Aca. and the waves lasted forty-seven seconds. — It 
may be noted in passing that the complication of the waves at any one 
point was mainly due to the great length of the rift. A point imuane- 
diately near the crack felt mainly the first great shock, its wave and 
the return wave. A point farther away felt the wave and its return 
jolt, followed ai once by waves from farther to the north and farther 
to the south, these waves becoming more and more opposed to one an- 
other. The waves world then angment, neutralize, override and other- 
wise modify one another, the final result bemg the violent twisting 
motion, the most remarkable trait of the latter portion of the earth- 
quake in question. 

Coming over the first ridge, from the sea, the rift passed under the 
long bridge over Alder Creek. The land on the west side of the bridge 


PoINT ARENA. Picket feuce was in one continuous line. Photograph shows short section 
put in to fill up otlset by land on the west side. 
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was jerked sixteen feet to the north: or that on the cast sixteen feet to 
the xouth—only a careful re-survey of the region can tell us which, 
Orit may be that both sides went to the northward, but the west side 
pulled away. distancing the other by sixteen feet. In any case, the 
bridve was toru to splinters, and the crack went on, always the west 
side some sixteen and a half feet to the northward, though the sticky 
soil tends to lag back. and not every place shows the maximum of sheer- 
ine or horizontal displacement. Passing under a barn, the rift tore if 
to splinters. The spreading wave displaced or destroyed most of the 
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houses in the villages of Manchester and Point Arena, wrecking the 
magnificent lighthouse of solid masonry on the Point itself. In low 
ground the rift formed suceessions of little ponds. On hillsides the 
lower side of the crack fell away 
like a drivelling lower lip, leaving 
an open chasm, ten to twenty feet 
in apparent depth. On level hard 
ground the soil like the rock below 
closed with a snap a little tighter 
than it was before. Line fences 
were broken and sheered from six- 
teen to twenty feet. Lines of trees 


met with similar readjustments. 
In Mendocino County the horizon- 


tal displacement is about sixteen 


MARSHALL FROTEL, THROWN INTO TOMALES po ‘ 
ce feet. In Marin County, where 


exactly measured, it is sixteen 
fect and seven inches. Southward it becomes less. In San Mateo 
County it is six to eight feet, and at the Pajaro Bridge at Chittenden, 
where the open fault ceases, the western pier was moved northward 
about eighteen inches. his shifting of position. evident along the 
line of the crack, seems to have 
included the whole region, moun- 
tains and valleys, through which 
the crack passes. Either the re- 
gion to the westward with the 
Santa Cruz Mountains and the 
mountains called Sobrante de la 
Punta de los Teves have been 
stretched out toward the north- 
ward or else the region on the 
vast side, including most of Cali- 
fornia, has been correspondingly 
humped up. It is impossible at 
present to say which is the fact, 
perhaps both. The vertical dis- 
placement is small. To the 
north of San Franeiseo the west 


side has been raised two or three 
feet. To the southward the 


EARTHQUAKE CRACK IN COUNTRY ROAD FROM 
OLEMA TO PoINT REYES. 


slight relative change in eleva- 
tion—two or three feet—is in favor of the east side. 

The rift left the pastures of Point Arena, passing up Gualala 
River, always in a straight line. making havee among the redwood 
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EARTHQUAKE RIFT, FREEMAN'S RANCH, NEAR TOMALES Bay. 


trees, thenee into the sea, where it runs close along the coast, past 
Fort Ross, throwing down everything movable im this and other towns. 
It then crosses Bodega Head and again falls into the sea, where it 
passes up the axis of Tomales Bay. At the head of the bay its course 


through the tules or butrushes looks like a swath through a grain 


EARTHQUAKE RIFT, FREEMAN’S RANCH. 
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field. Through this region (Marin County) the shock was very violent, 
and numerous cracks parallel with the main erack in the bay extended 
alone the shores. In the town of Tomales, mueh and varied nischief 
was done. The parallel cracks toved with miles of the North Shore 
Railroad between Tomales and Point Reyes. At Marshall the hotel was 
thrown bodily—and upright—into the bay, the hoarders unharmed ; 
and at aristocratic Inverness, on Tomales Bay. three summer cottages 
sulfered the same fate, A fisherman in the bay reports that the waters 
receded, leaving his boat in the mud. Afterwards they came back in 
ac ereat wave, which looked a hundred feet Iigh, ut which was proh- 
ably not more than ten.’ 

At Pant Neves: station at the bead at Pouales*Bay-thes1}-train 
for San Francisco was just ready. The conductor had just swung on 
when the train gave a great Inreh to the east, followed by another to 
the west, which threw the whole train on its side. The astonished 
earlietar <papped: oilcas: mt went over aie at steht of. tle falling 
chimneys and breaking windows of the station, he understood that it 
was the Temblor, The fireman turned to Jump from the engine to the 
west when the return shock came. Fle then leaped to the east and 
horrowing a kedak he took the picture of the train here presented. 

Paper Mill Creck runs past the same village, a considerable stream, 
noteworthy lately from the successful stocking with king salmon. 
The two hanks of the stream were forced toward cach other so that the 
leneth of the bridge was shertencd by about six feet and the bridge 
was correspondingly humped at its north end. an arch ahout six feet 
hieh heing foreed up. 

From Point Reves Station (at the hase of the peninsta alse cajled 
Point Reves) the earthquake rift passed along the Inverness Road to 
OQlema, where all the houses not standing on reck foundation were 
thrown from three to six feet to the westward, toward the erack itself. 

Skinner's Ranch is a large dairy near Olema. The house stands 
near the read, a dairy house some thirty feet to the south af it. and a 
large barn with cowvard just behind that. A row of large evpress 
trees stood just before the hose on the roadside, between them) and 
the house a little rose garden, to the south of these, opposite and partly 
hehind the dairy. a group or row of large eucalyptus trees. 

The earthquake rift) passed direetly in front of the house, hetween 
the buildines and the road. All that stood to the westward of the 
erack was violently jerked to the north a distance of sixteen: feet seven 
inches, or it may he that the east side moved an cqual distance to the 
soit AUS hiiiet ladorlanccd i lool atthe geht anstant: be 
would have seen the whole row of express trees file past bis window 
to take their station in front of the dairy, taking the rose garden with 
‘hem. few anenberry Tshes wane drank fatther tert to “take, 
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partly, the place of the reses. The eucalyptus trees in front of the 
dairy moved on to a position opposite the bam, and one detached from 
the others and to the westward of the crack was left near the head of 
the Tne instead of at its foot. The crack passes obliquely under the 
barn, entering it at the northwest corner and leaving it at the middle 
of its posterior or southwest side, The barn remained intact, thanks 
to its weak foundation, for the cast side pulled loose from the ground. 
and the barn went northward with the west side, | Sixteen and one 
half feet of its former foundation at the southeaster corner is exposed, 
A driveway under the bar is divided im the middle, | You pass in on 
the east side, the western half is sixtecn and one half feet to the north 


TRAIN OVERIURNED BY EARTHQUAKE, POINT REYES STATION, MARIN CO,, CAL. 


of the entrance and completely blocked in the middle. | Vader each of 
the east windows of the barn steod a pile of manure. Each pile is 
Intact, sixteen and one half feet south of the window to which it. be- 
longs. The people at the ranch were milking at the time of the shock. 
Rach man and cow was thrown to the eround and it took two heurs to 
vet the frightened cattle back into the “corral” The stone steps to 
the dairy, on the east side of the crack, now stand sixteen feet seven 
inches to the southward of the door to which they led. About Skin- 
ners, dine fences and water pipes crossing the fault were broken, a 
break of sixteen and one half feet being left im each case, the west side 
of the fault iv all cases more or Jess overriding the other. In the 
matter of Jine fences interesting Tegal problems are raised. Were the 


. 
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EARTHQUAKE RIFT, OLEMA. 


farms on the west stretched sixteen and one half feet or those on the 
east side crowded together to the same amount? If either, who stands 
the loss and what store can be set on ancient landmarks ? 

Next to the Skinner Raneh is the Shafter Ranch. Tere the houses 
and barns are on the east side of the crack, but the transposition of 


SKINNER’S RANCH, OLEMA. 
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roads, trees and fences was the same in kind. The rift passed through 
the corral, and one of the astonished cows dropped into it, soon falling 
deeply till only rump and tail were visible. The hysterical dogs barked 
at her, the water came into the rift, and the dairvmen, doubtless with 
a sense of the impotence to struggle against fate. buried her in the 
grave from which they could not rescue her. 

Crossing the valley the rift split a small hill. throwing down four 
large spruce trees, all of which fell at right angles to the crack. A 
yery large oak tree standing on level ground was shoved violently, still 
standing, sixteen and one half feet to the southward into the base of 
the riven hill, or perhaps the western half of the hill was shoved vio- 
lently abont the tree. Dr. G. IK. Gilbert seems to think it probable 
that both sides partook in the motion, 

On through the valley of Olema went the rift. past more dairies, 
bnt leaving their buildings altogether to the east. Crossing the road 
above Bolinas, the two sides of the highway are rudely separated. 
Reaching Bolinas Bay, the rift is visible in the mnd at low tide, and 
good authority reports the sea-bottom to the westward, along Duxbury 
teef. to be raised two or three feet. The gatherers of abalone shells 
venture out into regions of sea-bottom formerly inaccessible at the 
lowest tides. On the east side of Bolinas Bav the clams are hopelessly 
buried. At Bolinas the pretty Flagstaff Inn was thrown into the sea 
and completely wrecked. The erack again enters the sea, passing 
across the entrance to the Golden Gate five or six miles west of the 
center of San Francisco, and giving to that breezy and joyous town a 
jolt which will live in history, but from which the fine-spirited people 
will recover long before the world at large will clearly understand 
what their experiences have really been. The rift reached the shore 
again at Mussel Rock to the southwest of San Francisco. Here the 
cliff was hurled down, a gradual incline was made a steep one and four 
thousand feet of newly graded railroad was thrown into the sea. It 
passed up the narrow valley of San Andreas. not harming the reservoir, 
lt wrecking all the water mains entering San Francisco from the great 
reservoirs, Crystal Springs, San Andreas and Pilarcitos. The dain of 
the Crystal Springs reservoir, across the fault line, was so well built 
that the visible crack passed around it along the bank by its side, re- 
turning afterwards to its former direction. The bleak and boulder- 
strewn saddle called Canada del Raymundo, scarred by previous earth- 
quakes, was then passed, and beyond it the narrow, fertile valley, 
Portola. named for the first governor of California. the discoverer of 
san Francisco Bay. The crack runs along the hase of the Sierra 
Morena. four to five miles west of Stanford University. to the head 
of Portola reservoir; then ascends in a canon to a saddle on the 
summit, connecting two parallel ranges. Monte Bello to the east and 
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Castle Rock to the west. Down from the saddle between these runs 
Stevens Creck (Arrove de San José de Cupertino) and down this 
ereek went the earthquake crack, tearing up the road behind it, and 
throwing down landslides from every steep slope. Stevens Creek is 
made up from the union of two streams which meet from opposite 
directions. The erack descends the one and remounts impartially in 
the valley of the other, Both streams follow old earthquake tracks. 
Over another saddle the crack goes to Saratoga Creek. Across it and 


ever another saddle it follows Campbell Creek, draimimg its reservoir. 


Thence it crosses obliquely the valley of Los Gatos Creek, over the hills 


of which Bret Harte wrote 
The ridges ‘round Los Gatos Creck 


Arched their spines in a feline fashion, 


in the earthquake of Ists. | Into this creek, from the Feely ranch. 


EARTHQUAKE RIFT, MORRILL’S RANCH, SKYLANDS, SANTA CRUZ COUNTY. 


rome ten acres of land was thrown ina great landslide. At the head 
of the creek is the lone tunnel which cuts under the saddle. from 
Wrights to Laurel This tunnel has been the souree of endless 
trouble since it was made, and for the reason that the rock m= the 
mountaip through which it passes is made up of minute chips of rock, 
No wonder, for the earthquake crack follows the mountain ridge. which 
ix here narrowsand Jow, Tt cuts tunnel and railroal track cat right 
aneles, and every earthquake disturbance is sure to make matters worse. 
Already forty feet of crushed rock has fallen from above what was the 


EartTHauakeE RIFT MoRRILL'S ORCHARD, SANTA CRUZ COUNTY, 


root of the tunnel. On the hill above the tunnel is Mornlls fruit 
ranch. The earthynake ripped its way through the orchards, shifting 
the rows of trees six to cieht feet and treating roads and fences in the 
same reekless fashion, The large hospitable Morrill farmhouse stood 
partly over the track and was split in two and utterly rumed. Farther 
on at Skvlands, on the ridge of the 
mountains, Ferm Gulch was filled 
with wreckage: redwood trees four 
and five fect through, two or three 
hundred years old. were snapped off 
like whip-lashes. The rift crossed 
Hincklev’s Gulch at rght angles. 
This is a narrew gorge about a 
hundred feet deep. in which stead 
the large Loma Prieta) sawimll. 
The gorge was filled byw Jandshps 
thrown from both sides. Che mull 
was completely buried. with nine 
mil] hands. and a redwood tree over 
a hundred feet igh was set erect 
and unhurt over the place where the 
mil} stood. The bodies of six amen 


were recovered, One of these. the 
foreman, Was found erect, stnoth- INVERNESS ROAD, NEAR OLEMA, MARIN 

: : ; COUNTY. 
ered inamud, but standing with ex- 
tended arms and Jimbs in the act of running from the mill. With tim. 
equally erect and in the act of running, was the body of a Siherian 
mnastiff. Their position marked the meeting point of the two walls of 
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WRECK OF LOMA PRIETA SAW MILL, HINCKLEY’S GULCH, SANTA CRUZ COUNTY. 


the canon. The crack went on across the hills, alwavs in the same 
direction, southeast by sonth, till it came to the Chittenden Ranch in 
the Pajaro Valley. Here it tore off the hillside, destroying the high- 
way at its base; then deseended to the Pajaro River, shifting a pier of 
its railroad bridge about eighteen inches to the northwest. Here it 
met the Pajaro cross-tanlt. But here the straight line from Point 
Arena came to an end. <A series of short breaks creeps off to the 
southeast, ending two miles southwest of San Jnan, the last act being 
the final, almost complete. wreck of the beantiful and venerable Mission 
of San Juan Bantista. 

That the obliqne erack from Chittenden, famous as an ‘ earthquake 
ranch * of earlier times, to San Juan. is part of the original rift. is not 


SITE OF LOM’ PRIETA SAW MILL, COVERED TO THE DEPTH OF 125 FEET. 
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clear. It may be that this is part of the Pajaro cross-fault. The 
original Portolé-Tomales fault, if continued in a straight line from 
Chittenden, would pass along the flanks or the foot of the Gavilan 
mountains to Priest Valley, fifty miles to the south-southeast. Beyond 
Priest Valley is a well-marked earthquake crack, which opened in the 
earthquake of 1868, and in earlier times. This extends through desert 
land in the same direction, its course being the axis of the Cholame 
Valley and the uninhabited desert sink known as Carisa Plain. This 
old rift extends at least one hundred and forty miles beyond Chittenden 
to Monte Pinos in the north edge of Ventura County. This whole 
fault from Point Arena to Monte Pinos is clearly a single break, but 
only 192 miles of a possible 330 were opened in the earthquake of 1906. 

But while the surface break seemed to end at Chittenden, it seems 
probable that the rift in the rocks below extended much farther. At 
Priest Valley, fifty miles along this line, the shock was violent, while 
at localities ten miles or more to the east and west of the line, as at 
Lone Oak or the Pinnacles, it was very little felt. In Priest Valley 
chimneys and shelving were thrown down, buildings badly shaken and 
the contents of a country store impartially scattered over the floor, the 
shock being apparently about as severe as in San Francisco. 

With the opening of the great rift it is conceivable that faults in 
the neighborhood should also be affected. There is evidence (most of 
which the writer has not examined) of the opening of a parallel fault 
behind Cape Mendocino. This seems to have passed across the base 
of the cape, cutting across the sinaller headland called Point Delgada, 
losing itself in the Sonoma Valley to the southwest of Santa Rosa. 
There are distinct traces of it across Burbank’s famous orchard at 
Sebastopol. Here on a slope lines of fruit trees were shifted, a well 
was moved bodily three or four feet. and a crack about one fourth mile 
long extended across a neighboring field, its direction parallel with 
that of the Tomales rift. Other similar cracks open at intervals on the 
road toward Point Delgada. The extreme violence of the shock in 
Santa Rosa perhaps indicates its nearness to this second rift. as the 
Tomales rift caused little damage in other towns equally far away. 
Dr. G. K. Gilbert takes a somewhat different view of this case. He 
seems to regard this Point Delgada crack as part of the great Tomales- 
Portola rift. In his map (Popular Science MontTHiy, August) Dr. 
Gilbert marks the great rift as swinging eastward in a curve across 
Point Delgada and to the eastward of Cape Mendocino between that 
headland and Humboldt Bay. It seeins to the present writer far more 
probable that the Point Delgada fault is a separate rift, parallel with 
the main rift, and similar to it, except that it is a little less violent. 
There is some evidence that a fault line at the foot of San Francisco 
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Bay opened for a short distance to the southward of Milpitas. But 
the soft soil in that region was filled with slumps and craeks due to 
the shaking down of loose deposits, and one could not be sure that the 
actual fanlt m the rocks was really disturbed. The same remark ap- 
plies to the breaks at San Bruno about ten miles south of San Fran- 
cisco in marsh deposits over the recognized San Bruno-Lake Merced 
fault. It is readily conceivable that a great disturbance like the one 
in the main tanlt might be accompanied by similar breaks in parallel 
or associated faults. 

The chief center of disturbance in the earthquake of 1906 would 
seem to be in the sea. The evidence for this hes in the fact that at 
the point where the fault enters the land near Point Arena the dis- 
placement 1s greater than anywhere else. As the land fault is 
traceable for nearly two hundred miles to the southward, it is rea- 
sonable to suppose that the sea-bottom is broken for at least an equai 
distance to the northward. The point of earthquake disturbance off 
Cape Mendocino has been frequently noticed in the past, and this is 
im aright line with the rest of the fault. It is possible that the center 
of trouble is located in the valley between Cape Mendocino and the 
off-lying submarine mountain. 

There is also another possibility, very remote perhaps, but. still 
worth considering, that is, the connection between this rift and the 
clisturbances about the islands of St. John Bogoslof, in Bering Sea. 
In the year 1768, to the north of the island of Umnak and about 
seventy miles northwest of Unalaska, a large island arose from the sea, 
Jn an earthquake disturbance. This island, Old Bogoslof, recorded by 
‘Captain Cook, was, as the present writer recalls it, about two miles 
long and fifteen hundred feet in height. In 1796, in another seismic 
disturbance, an addition was made to this island. In 1883 (October 
28) a second island, of about the same size, arose, also from the sea, 
to the northward of the first. A photograph in my possession, taken 
in 1892 by Mr. N. B. Miller, of the steamer -l/batross, shows this 
island, still hot and steaming. In 1896, when I visited it, it was 
apparently cold. These islands are supposably parts of the sea- 
bottom with a backing of melted rock, forced to the surface by pres- 
sure. On October 30, 1883, a severe earthquake was reported off 
Cape Mendocino. If on a globe one extends the axis of the Portola- 
‘Tomales-San Andreas fault as far as Alaska, it would not fall far 
from these Bogoslof Islands. This fact suggested to the writer that 
possibly the earthquake of 1906 meant the birth of another Bogoslof. 
And it appears that this indeed was the case. The scanty reports 
which have reached us from the visit of the Albatross in May tell us 
that a third Bogoslof ‘ five times as large as either of the others’ and 
between them, has arisen, and according to Captain Dirks, who re- 
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ported the matter at Unalaska, the water was so hot that a vessel eould 
not approach within five miles of the island. It is conceivable that 
the great earthquake rift has its center in the area of weakened sea- 
bottom oeeupied by the Bogoslofs. It is possible, even probable, that 
the coincidence of time does not show any real connection between 
Bogoslof and the earthquake of 1906. Against the connection may be 
urged the great distanee, the great depth of most of the intervening 
sea, and the alleged facts that the seismograph at Sitka showed a shock 
from the south, while that at Tokyo indieated waves from the east. It is 
also stated that no shock was felt at St. Paul, St. George or Unalaska, 
but that a great shock was felt at Unimak. Unimak, hke Unalaska, 
hes to the east of the supposed line of the fault. In any ease, the birth 
of the third Bogoslof is a matter worthy of thorough investigation, and 
its approximate coincidence in time with the earthquake in California 
is Very suggestive. 

The earthquake of 1906 is reeeiving the most thorough study pos- 
sible, and in sueh a way as to give promise of important practical 
results. ‘The many previous earthquakes have been reeorded, but their 
most essential feature, the location and extent of the causing fissure 
has rarely been indieated. In the records we read again and again 
that ‘ fissures opened in the ground,’ but whether these were rifts in 
the erust or mere slumps of soft ground as a rule has eseaped attention. 
The great earthquake of 1868 opened rifts at intervals from Tomales 
Bay to Carisa Plain, and also a fissure on the east side of San Fran- 
cisco Bay, where a straight eraek abont ten miles long extended 
from Haywards toward the south. One side of this rift showed a 
lateral displacement of about four feet. To this short rift, rather than 
to the Portola-Tomales fissure, the shock in San Francisco in 1868 may 
have been due. The shock in that year was more violent in Oakland 
than in San Francisco and most violent about San Leandro and Hay- 
wards, to the south of Oakland. It is conceivable that the shoek of 
1865, having its center in the Portola fault, not far from San Fran- 
ciseo, gave that city a degree of immunity in 1868, Other destructive 
earthquakes, as recorded by Holden (‘ Catalogue of Earthquakes on 
the Pacific Coast, 1769 to 1897°) are as follows: 

1800. This earthquake was severe about San Juan Bautista, but whether 
in the Portolé fault or the Péjaro fanlt is not clear. 

1812. This earthquake wrecked the mission of San Juan Capistrano in 
southern California, and was felt along the line of the southern missions. It 
had its eenter possibly in the Santa Catalina Channel, 

1818. This earthquake Injured the mission of Santa Clara; henee it may 
have been along the Portola fault. 

1836. This was said to be similar to the shock of 1868, its eenter along 
the Portola line: ‘ great fissures were made in the earth.’ 

1859, This was severe from Redwood to San Francisco, ‘a great fissure 
opened to Mission San José.” It was probably also in the Pajaro fault. 
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1857. Sacramento to Fort Tejon, San Bernardino and Fort Yuma, At 
Fort Tejon ‘a fissure 20 feet wide and 40 miles long: the sides came together 
with such violence as to make a ridge ten feet wide and several feet high.’ 
Fissures at San Bernardino, 

1865. This was a smart shock from San Francisco to San José, apparently 
along the line of the Portola fault. The severity of this earthquake, as sug- 
gested above, may have mitigated the local severity of the earthquake of 1868, 
which was in the same rift, but not so severe in this part of it. 

1867. This was violent disturbance about Klamath Lake. A great crack 
said to have opened in Siskiyou County, but the locality is not recorded. 

1868. A very severe earthquake, there being a rift on the east side of the 
bay, as also at Olema, in the Santa Cruz Mountains and for over a hundred 
miles from Cholame through the Carisa Plain. 

1872. Owens River, Inyo County. Fissure at Big Pine 50 to 200 feet wide, 
20 feet deep, extending 50 miles or more. Numerous shocks, very violent, 
these preceded by weaker shocks for a year or more. 

1890. Mono Lake, similar disturbances. 

1892. Vacaville, Winters, etc., extensive local disturbances, the fissures 
not traced, but said to have been along Rio de los Putos on the west side of 
the valley of Solano and Yolo. 

1897. San Jacinto Valley, with a notable fissure, the details not at hand. 

To these might be added the vigorous single jolt of 1893 in the 
San Fernando Mountains, which did little harm because occurring in 
an uninhabited region. The writer was at Saugus at the time, and 
noted the fall of trees and the flinging of rocks down the mountain- 
side. There seems to have been but a single wave, which would have 
done great injury in a populous district. It came from a short fissure 
in Pico Canon. 

Since the earthquake of 1906 many small earthquake waves have 
followed, evidently harmless details in the process of adjustment. 
Looking over Holden’s record, we see that many small disturbances 
have taken place along the line of the great fault in question, besides 
the great earthquakes of 1868 and 1906 and the lesser ones of 1800, 
1818, 1836, 1839, 1865 and 1868. 

In 1808 there were twenty-one shocks at the Presidio of San 
Francisco. In 1812 the shocks cansed a tidal wave in the bay extend- 
ing up to the plaza. In 1813 or 1815 ‘all the buildings’ in Santa 
Clara Valley were shaken down. There were not many and all these 
were of adobe or sun-dried brick. In 1851, a sharp shock in San 
Francisco. In 1852, a shock at San Francisco, with a fissure on the 
San Bruno fault, through which Lake Merced drained into the sea. 


1853. Heavy shocks near Humboldt Bay. 

1856. Severe shocks at San Francisco, the water in the bay sank two feet. 

1863, 1864. A sharp shock at San Juan Bautista. 

1890. Sharp shock along Portola fault. The Pajaro bridge had a pier 
shifted 18 inches, as in 1906. The same crack opened at Chittenden, and the 
main arch in the Mission Chureh at San Juan Bautista was injured. A rift 
opened in the soil from Chittenden to San Juan as in 1906. 
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It is evident that minor disturbances occur along all the fault lines 
in California and that but one break comparable to that of 1906 has 
taken place within historic times in California. This was the earth- 
quake of 1868. This was far less violent than that of 1906, along 
the San Francisco peninsula, although extending farther to the south 
than the other. It may be remembered that the population of the 
region is now much greater than in 1868, and in like manner, the possi- 
bilities of mischief on the part of earthquakes has been correspondingly 
increased. The danger from earthquakes itself is relatively a small 
matter, but it should be considered in the building arrangements of 
regions where such disturbances are likely to recur. It is as easy to 
make buildings virtually earthquake-proof as water-proof, unless stand- 
ing directly over the fault itself. In this connection we may close with 
the pertinent words of the engineer, William H. Hall, of San Fran- 
cisco: “ The earthquake has put a definition on the word sham, which 
seems positively cruel. It has established a value on the solid founda- 
tion and genuine superstructure which is indeed ennobling.” 

It would redound to the moral and spiritual elevation of any com- 
munity to be assured of a smart shock at intervals and of a real 
temblor once in each generation. 
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Chapter IT. The Measure of Time 
f, 


So long as we do not go ontside the domain of consciousness, the 
notion of time is relatively clear. Not only do we distinguish without 
diffieulty present sensation from the remembrance of past sensations or 
the anticipation of future sensations, but we know perfectly well what 
we mean when we say that, of two conscious phenomena which we 
remember, one was anterior to the other; or that, of two foreseen con- 
scious phenomena, one will be anterior to the other. 

When we say that two conscious facts are simultaneous, we mean 
that they profoundly interpenetrate, so that analysis can not separate 
them without mutilating them. 

The order in which we arrange conscious phenomena docs not admit 
of any arbitrariness. It is imposed upon us and of it we can change 
nothing. 

T have only a single observation to add. For an aggregate of sensa- 
tions to have become a remembrance capable of classification in time, 
it must have ceased to be actual, we must have lost the sense of its 
infinite complexity, otherwise it would have remained present. It must, 
so to speak, have crystallized around a center of associations of ideas 
which will be a sort of label. It is only when they thus have lost all 
life that we ean classify our memories in time as a botanist arranges 
dried flowers in his herbarium. 

But these labels can only be finite in number. On that score, 
psychologie time should he discontinuous. Whence comes the feeling 
that between anv two instants there are others? We arrange our 
recollections in time, but we know that there remain empty compart- 
ments. Tow could that be, if time were not a form preexistent in 
our mind? How could we know there were empty compartments, if 
these compartments were revealed to us only by their content ? 


ine 


But that is not all; into this form we wish to put not only the 
phenomena of our own consciousness, but those of which other con- 
sciousnesses are the theater. But more, we wish to put there physical 
facts, these 7 know not what with which we people space and which no 
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conscionsness sees directly. This is neeessary because without it 
science could not exist. In a word, psychologic time is given to us and 
must needs ereate scientific and physical time. There the difficulty 
begins, or rather the diffieulties, for there are two. 

Think of two consciousnesses, which are like two worlds impene- 
trable one to the other. By what do we strive to put them into the 
same mold, to measure them by the same standard? Is it not as if 
one strove to measure length with a gram or weight with a meter? 
And besides, why do we speak of measuring? We know perhaps that 
some fact is anterior to some other, but not by how mueh it is anterior. 

Therefore two difhieulties: (1) Can we transform psychologic time, 
which is qualitative, into a quantitative time? (2) Can we reduce to 
one and the same measure facts which transpire in different worlds? 


IIT. 


The first difficulty has long been noticed; it has been the subject of 
long diseussions and one may say the question is settled. We have not 
a direct intuition of the equality of two intervals of time. The persons 
who believe they possess this intuition are dupes of an illusion. When 
1 say, from noon to one the same time passes as from two to three, what 
meaning has this affirmation ? 

The least reflection shows that by itself it has none at all. It will 
only have that which I choose to give it, by a definition which will 
certainly possess a certain degree of arbitrariness. Psychologists could 
have done without this definition; physicists and astronomers could 
not; let us see how they have managed. 

To measure time they use the pendulum and they suppose by defini- 
tion that all the beats of this pendulum are of equal duration. But 
this is only a first approximation ; the temperature, the resistance of the 
air, the barometric pressure, make the pace of the pendulum vary. If 
we could escape these sources of error, we should obtain a mueh closer 
approximation, but it would still be only an approximation. New 
eauses, hitherto neglected, electric, magnetic or others, would introduce 
minute perturbations. 

In fact, the best chronometers must be corrected from time to 
time, and the corrections are made by the aid of astronomie obserya- 
tions; arrangements are made so that the sidereal clock marks the same 
hour when the same star passes the meridian. In other words, it is 
the sidereal day, that is, the duration of the rotation of the earth. which 
is the constant unit of time. It is supposed, by a new definition sub- 
stituted for that based on the beats of the pendulum, that two complete 
rotations of the earth about its axis have the same duration. 

However, the astronomers are still not eontent with this definition. 
Many of them think that the tides act as a check on our globe, and 
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that the rotation of the earth is becoming slower and slower. Thus 
would be explained the apparent acceleration of the motion of the 
moon, which would seem to be going more rapidly than theory permits 
because our watch, which is the earth, is going slow. 


IV. 


All this is unimportant, one will say; doubtless our instruments of 
measurement are imperfect, but it suffices that we can conceive a per- 
fect instrument. This ideal can not be reached, but it is enough to 
have conceived it and so to have put rigor into the definition of the 
unit of time. 

The trouble is that there is no rigor in the definition. When we 
use the pendulum to measure time, what postulate do we implicitly 
admit? It is that the duration of two identical phenomena is the 
same; or, if you prefer, that the same causes take the same time to 
produce the same effects. 


And at first blush, this is a good definition of the equality of two 
durations. But take care. Is it impossible that experiment may some 
day contradict our postulate ? 

Let me explain myself. I suppose that at a certam place in the 
world the phenomenon a happens, causing as consequence at the end 
of a certain time the effect a’. At another place in the world very 
far away from the first, happens the phenomenon £8, which causes as 
consequence the effect B’. The phenomena a and # are simultaneous, 
as are also the effects a’ and pf’. 

Later, the phenomenon a is reproduced under approximately the 
same conditions as before, and simultaneously the phenomenon f is 
also reproduced at a very distant place in the world and almost under 
the same circumstances. The effects a’ and f’ also take place. Let us 
suppose that the effect a’ happens perceptibly before the effect p”. 

If experience made us witness such a sight, our postulate would be 
contradicted. For experience would tell us that the first duration aa’ 
is equal to the first duration 8’ and that the second duration aa’ is 
less than the second duration BB’. On the other hand, our postulate 
would require that the two durations aa’ should be equal to each other, 
as likewise the two durations Bf’. The equality and the inequality 
deduced from experience would be incompatible with the two equalities 
deduced from the postulate. 

Now ean we allirm that the hypotheses I have just made are absurd ? 
They are in no wise contrary to the principle of contradiction. Doubt- 
less they could not happen without the principle of sufficient reason 
seeming violated. But to justify a definition so fundamental I should 
prefer some other guarantee. 
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Vi 

But that is not all. In physical reality one cause does not pro- 
duce a given effect, but a multitude of distinct causes contribute to 
produce it, without our having any means of discriminating the part 
of each of them. 

Physicists seek to make this distinction; but they make it only 
approximately, and, however they progress, they never will make it 
except approximately. It is approximately true that the motion of the 
pendulum is due solely to the earth’s attraction; but in all rigor every 
attraction, even of Sirius, acts on the pendulum. 

Under these conditions, it is clear that the causes which have pro- 
duced a certain effect will never be reproduced except approximately. 
Then we should modify our postulate and our definition. Instead 
of saying: ‘The same causes take the same time to produce the same 
effects,’ we should say: ‘ Causes almost identical take almost the same 
time to produce almost the same effects.’ 

Our definition therefore is no longer anything but approximate. 
Besides, as M. Calinon very justly remarks in a recent memoir :* 

One of the circumstances of any phenomenon is the velocity of the earth’s 
rotation; if this velocity of rotation varies, it constitutes in the reproduction 
of this phenomenon a circumstance which no longer remains the same. But 
to suppose this velocity of rotation constant is to suppose that we know how to 
measure time. 

Our definition is therefore not yet satisfactory; it is certainly not 
that which the astronomers of whom I spoke above implicitly adopt, 
when they affirm that the terrestrial rotation is slowing down. 

What meaning according to them has this affirmation? We can 
only understand it by analyzing the proofs they give of their proposi- 
tion. They say first that the friction of the tides producing heat must 
destroy vis viva. They invoke therefore the principle of vis viva, or of 
the conservation of energy. 

They say next that the secular acceleration of the moon, calculated 
according to Newton’s law, would be less than that deduced from 
observations unless the correction relative to the slowing down of the 
terrestrial rotation were made. They invoke therefore Newton's law. 
In other words, they define duration in the following way: time should 
be so defined that Newton’s law and that of vis viva may be verified. 
Newton's law is an experimental truth; as such it is only approximate, 
which shows that we still have only a definition by approximation. 

If now it be supposed that another way of measuring time is 
adopted, the experiments on which Newton’s law is founded would 
none the less have the same meaning. Only the enunciation of the 
law would be different, because it would be translated into another 


*°Etude sur les diverses grandeurs,’ Paris, Gauthier-Villars, 1897. 
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language; it would evidently be much less simple. So that the defini- 
tion implicitly adopted by the astronomers may be summed up thus: 
Time should be so defined that the equations of mechanics may be as 
simple as possible. In other words, there is not one way of measuring 
time more true than another; that which is generally adopted is only 
more convenient. Of two watches, we have no right to say that the one 
goes true, the other wrong; we can only say that it is advantageous to 
conform to the indications of the first. 

The difficulty which has just ocenpied us has been, as I have said, 
often pointed out; among the most recent works in which it is con- 
sidered, I may mention, besides M. Calinon’s little book, the treatise 
on mechanics of M. Andrade. 


VI. 


The second difficulty has up to the present attracted much less atten- 
tion; yet it is altogether analogons to the preceding; and even, logically, 
I should have spoken of it first. 

Two psychological phenomena happen in two different conscious- 
nesses; when I say they are simultaneous, what do I mean? When I 
say that a physical phenomenon, which happens outside of every 
consciousness, is before or after a psychological phenomenon. what do 
I mean? 

In 1572, Tycho Brahe noticed in the heavens a new star. An im- 
mense conflagration had happened in some far distant heavenly body ; 
but it had happened long before; at least two hundred years were 
necessary for the light from that star to reach our earth. This con- 
flagration therefore happened before the discovery of America. Well, 
when considering this gigantie phenomenon, which perhaps had no 
witness, since the satellites of that star were perhaps uninhabited, 
I say this phenomenon is anterior to the formation of the visual image 
of the isle of Espanola in the consciousness of Christopher Columns, 
what do T mean ? 

A little reflection is suffietent to nnderstand that all these affirma- 
tions have by themselves no meaning. They can have one only as the 
outcome of a convention. 


Vil. 

We should first ask ourselves how one could have had the idea of 
putting into the same frame so many worlds impenetrable to each 
other. We should like to represent to ourselves the external universe, 
and only by so doing could we feel that we understood it. We know 
we never can attain this representation: our weakness is too great. 
But at least we desire the ability to conceive an infinite intelligence 
for which this representation would be possible, a sort of great con- 
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sciousness which should see all, and which should classify all in és 
time, as we classify, tn our time, the little we see. 

This hypothesis is indeed crude and incomplete, because this su- 
preme intelligence would be only a demigod; infinite in one sense, it 
would be limited in another, since it would have only an imperfect 
recollection of the past; and it could have no other, since otherwise all 
recollections would be equally present to it and for it there would be 
no time. And yet when we speak of time, for all whieh happens out- 
side of us, do we not unconsciously adopt this hypothesis; do we not 
put ourselves m the place of this imperfect god; and do not even the 
atheists put themselves in the place where god would be if he existed ? 

What I have just said shows us, perhaps, why we have tried to put 
all physical phenomena into the same frame. But that can not pass 
for a definition of simultaneity, since this hypothetical intelligence, 
even if it existed, wonld be for us impenetrable. It is therefore neces- 
sary to seek something else. 

VIII. 

The ordinary definitions which are proper for psychologic time 
would suffice us no better. Two simultaneous psychologic facts are 
so closely bound together that analysis can not separate without muti- 
lating them. Is it the same with two physical facts? Is not my 
present nearer my past of yesterday than the present of Sirius? 

It has also been said that two facts should be regarded as simul- 
taneous when the order of their succession may be inverted at will. 
It is evident that this definition would not suit two physical facts 
which happen far from one another, and that, in what concerns them, 
we no longer even understand what this reversibility would be; besides, 
succession itself must first be defined. 


TeX. 

Let us then seck to give an account of what is understood by simul- 
taneity or anteeecdence, and for this let us analyze some examples. 

I write a letter; it is afterward read by the friend to whom | have 
addressed it. There are two facts which have had for their theater 
two different econsciousnesses. In writing this letter I have had the 
visual image of it, and my friend has had in his turn this same visual 
image in reading the letter. Though these two facts happen in im- 
penetrable worlds, I do not hesitate to regard the first as anterior to the 
second, heeause I believe it is its cause. 

T hear thunder, and I conelude there has been an electric discharge ; 
I do not hesitate to consider the physical phenomenon as anterior to 
the auditory image perceived in my consciousness, because I believe it 
Is its canse, 

Behold then the rule we follow, and the only one we can follow: 
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when a phenomenon appears to us as the cause of another, we regard 
it as anterior. It is therefore by cause that we define time; but most 
often, when two facts appear to us bound by a constant relation, how 
do we recognize which is the cause and which the effect? We assume 
that the anterior fact, the antecedent, is the cause of the other, of the 
consequent. It is then by time that we define cause. How save our- 
selves from this petitio principti? 

We say now post hoc, ergo propter hoc; now propter hoc, ergo post 
hoc; shall we escape from this vicious circle? 

a 

Let us see, not how we succeed in escaping, for we do not completely 
succeed, but how we try to escape. 

I execute a voluntary act A and I feel afterward a sensation D, 
which I regard as a consequence of the act A; on the other hand, for 
whatever reason, I infer that this consequence is not immediate, but 
that outside my consciousness two facts B and C, which I have not 
witnessed, have happened, and in such a way that B is the effect of A, 
that C is the effect of B, and D of C. 

But why? If I think I have reason to regard the four facts A, B, 
C, D, as bound to one another by a causal connection, why range them 
in the causal order A BC D, and at the same time in the chronologic 
order A BC D, rather than in any other order? 

I clearly see that in the act A I have the feeling of having been 
active, while in undergoing the sensation D, I have that of having been 
passive. This is why I regard A as the initial cause and D as the ulti- 
mate effect; this is why I put A at the beginning of the chain and D 
at the end; but why put B before C rather than C' before B? 

If this question is put, the reply ordinarily is: we know that it is 
B which is the cause of C because we always see B happen before C. 
These two phenomena, when witnessed, happen in a certain order; 
when analogous phenomena happen without witness, there is no reason 
to invert this order. 

Doubtless, but take care; we never know directly the physical phe- 
nomena 6 and C. What we know are sensations B’ and C’ produced re- 
spectively by B and C. Our consciousness tells us immediately that B’ 
precedes C’ and we suppose that B and C succeed one another in the 
same order. 

This rule appears in fact very natural, and yet we are often led to 
depart from it. We hear the sound of the thunder only some seconds 
after the electric discharge of the cloud. Of two flashes of lightning, 
the one distant, the other near, can not the first be anterior to the 
second, even though the sound of the second comes to us before that of 
the-dirst ? 


THE VALUE OF SCIENCE 317 


Xf. 

Another difficulty; have we really the right to speak of the cause 
of a phenomenon? If all the parts of the universe are interchained in 
a certain measure, any one phenomenon will not be the effect of a 
single cause, but the resultant of causes infinitely numerous; it is, one 
often says, the consequence of the state of the universe a moment 
before. How enunciate rules applicable to circumstances so complex? 
And yet it is only thus that these rules can be general and rigorous. 

Not to lose ourselves in this infinite complexity let us make a 
simpler hypothesis. Consider three stars, for example, the sun, Jupiter 
and Saturn; but, for greater simplicity, regard them as reduced to 
material points and isolated from the rest of the world. The positions 
and the velocities of three bodies at a given instant suffice to determine 
their positions and velocities at the following instant, and consequently 
at any instant. Their positions at the instant ¢ determine their posi- 
tions at the mstant ¢-+ h as well as their positions at the instant 
t—h. 

Even more; the position of Jupiter at the instant ¢, together with 
that of Saturn at the instant ¢-+- a, determines the position of Jupiter 
at any instant and that of Saturn at any instant. 

The aggregate of positions occupied by Jupiter at the instant ¢ + e 
and Saturn at the instant ¢ + @-- e is bound to the aggregate of posi- 
tions occupied by Jupiter at the instant ¢ and Saturn at the instant 
t+ a, by laws as precise as that of Newton, thongh more complicated. 
Then why not regard one of these aggregates as the cause of the other, 
which would lead to considering as simultaneous the instant ¢ of 
Jupiter and the instant ¢ + @ of Saturn? 

In answer there can only be reasons, very strong, it is true, of 
convenience and simplicity. 


ALT. 
But let us pass to examples less artificial; to understand the defini- 
‘tion implicitly supposed by the savants, let us watch them at work and 
look for the rules by whieh they investigate simultaneity. 

I will take two simple examples, the measurement of the velocity 
of light and the determination of longitude. 

When an astronomer tells me that some stellar phenomenon, which 
his telescope reveals to him at this moment, happened nevertheless 
fifty years ago, I seek his meaning, and to that end I shall ask him 
first how he knows it, that is, how he has measured the velocity of 
Nght. 

He has begun by supposing that light has a constant velocity, and in 
particular that its velocity is the same in all directions. That is a 
postulate without which no measurement of this velocity could be 
attempted. This postulate could never be verified direetly by experi- 
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ment; it might be contradicted by it 1f the results of different measure- 
ments were not concordant. We should think ourselves fortunate that 
this contradiction has not happened and that the slight discordances 
which may happen can be readily explained. 

The postulate, at all events, resembling the principle of sufficient 
reason, has been aecepted by everybody; what I wish to emphasize is 
that it furnishes us with a new rule for the investigation of simul- 
tancity, entirely different from that which we have enunciated above. 

This postulate assumed, let us see how the velocity of light has been 
measured. You know that Roemer used eclipses of the satellites of 
Jupiter, and songht how much the event fell behind its prediction. 
But how is this prediction made? It is by the aid of astronomic laws, 
for mstance Newton's law. 

Could not the observed facts be just as well explained if we at- 
tributed to the velocity of Hght a little different value from that 
adopted, and supposed Newton’s law only approximate? Only this 
would lead to replacing Newton's law by another more complicated. 
So for the velocity of light a value is adopted, such that the astronomie 
laws compatible with this value may be as simple as possible. When 
navigators or geographers determine a longitude, they have to solve 
just the problem we are discussing; they must, without being at Paris, 
caleulate Paris time. How do they accomplish it’ They carry a 
chronometer set for Paris. The qualitative problem of simultaneity 
is made to depend upon the quantitative problem of the measurement 
of time. I need not take up the difficulties relative to this latter 
problem, since above I have emphasized them at length. 

Or else they observe an astronomic phenomenon, such as an 
eclipse of the moon, and they suppose that this phenomenon is per- 
ceived simultaneously from all points of the earth. That is not alto- 
gether true, since the propagation of ight is not instantaneous; if 
absolute exactitude were desired, there would be a correction to make 
according to a eomplicated rule. 

Or else finally they use the telegraph. It is clear first that the recep- 
tion of the signal at Berlin, for instance, is after the sending of this 
same signal from Paris. This is the rule of cause and effect analyzed 
above. But how much after? In general, the duration of the trans- 
mission is neglected and the two events are regarded as simultaneous. 
But, to be rigorous, a little correction would still have to be made by 
a complicated calculation: in practise it Is not made, because it would 
be well within the errors of observation; its theoretic necessity is none 
the less from our point of view, which is that of a rigorous definition. 
From this discussion, [ wish to emphasize two things: (1) The rules 
applied are exceedingly various. (2) It is difficult to separate the 
qualitative problem of simultaneity from the quantitative problem of 
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the measurement of time; no matter whether a chronometer is used, 
or whether account must be taken of a velocity of transmission, as 
that of light, because such a velocity could not be measured without 
measuring a time. 

pe 

To conclude: We have not a direct intuition of simultaneity, nor of 
the equality of two durations. If we think we have this intuition, this 
is an illusion. We replace it by the aid of certain rules which we 
apply almost always without taking count of them. 

But what is the nature of these rules? No general rule, no 
rigorous rule; a multitude of little rules applicable to cach particular 
case. 

These rules are not imposed upon us and we might amuse ourselves 
in inventing others; but they could not be east aside without greatly 
complicating the enuneiation of the laws of physics, mechanics and 
astronomy. 

We therefore choose these rules, not because they are true, but be- 
cause they are the most convenient, and we may recapitulate them as 
follows: * The simultaneity of two events, or the order of their sueces- 
sion, the equality of two durations, are to be so defined that the enun- 
ciation of the natural laws may be as simple as possible. In other 
words, al] these rules, all these definitions are only the fruit of an 
unconscious opportunism.” 


(To be continued.) 
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FRANCIS BACON AND THE MODERN UNIVERSITY 


By PRoressor EDWARD O. SISSON 


UNIVERSITY OF WASHINGTON, SEATTLE 


Alcs student of the history of education marvels at the tenacity 

with which the aims and methods of scholasticism and the middle 
ages maintained their hold upon the universities. The use of Latin 
as exclusive means of communication and the worship of Aristotle as 
source of final authority upon all questions marked the universities 
as medieval long after the world at large had moulted its chrysalis and 
become modern. At the opening of the nineteenth century only traces 
of advancement were perceptible; fortunately that century has seen 
changes nothing short of revolutionary in the ideals and methods of 
the institutions of higher learning. 

It is a commonplace that Francis Bacon was the herald, if not the 
originator, of that scientific method which more than anything else 
has wrought the reform of the university; but the work went on for 
two centuries outside the sacred limits of the universities, and, as we 
have seen, gained access to them only in the third century after 
Bacon's time. And yet we hope to show that he foresaw and described 
accurately the essential changes needed to fit these institutions for 
their true work. 

One naturally thinks first in this connection of the New Atlantis, 
and the ‘Salomon’s House’ described therein, which was ‘the lantern 
of the king¢dom—and dedicated to the study of the works and creatures 
of God’; and no one can fail to perceive in this fantasy of Bacon’s 
imagination striking hints of modern scientific investigation and of 
that organization and cooperation which are so essential a means of 
progress in knowledge. But for our present purpose better material 
iz found in a serious discussion of the needs of higher education and 
scientific research in the first chapter of Book II. of the ‘ Advancement 
of Learning’ Bacon proposes here to set forth the ‘ direction, or the 
pointing out and delineation of the direct way to the completion of the 
object in view,’ that is, of the advancement of knowledge. The lines 
of progress he advocates are six in number; let us examine them 
briefly in order. 

First, “among so many illustrious colleges in Europe, all the 
foundations are engrossed by the professions, none being left for the 
free cultivation of the arts and sciences. . . . There is no collegiate 
rourse so free as to allow those who are inclined to devote themselves 
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to history, modern languages, civil policy and general literature; .. .” 
With this compare President Eliot’s ‘ What is a Liberal Education,’ 
written in 188+; President Eliot names as subjects entitled to full 
admission into higher culture these five: English literature, French 
and German, history, political economy and natural science. The 
first four are practically identical with Bacon’s list; and the last, 
natural science, is abundantly championed by Bacon in discussing what 
he names as the third and sixth defects of the existing system. What 
Bacon, as intellectual seer, prescribed, Eliot, as foremost actor in uni- 
versity reform in America at least, confirms and urges. Moreover, the 
fulfilment of Bacon's word is the more wonderful in that for two 
centuries after he wrote, almost no movement occurred in the dry 
bones of the traditional system, and that within the limits the third 
hundred years the five subjects in question have conquered their right- 
ful place in higher education, 

The second defect which Bacon saw in the institutions of his own 
day is one which will appeal at once to those who even in this better 
age earn their bread by service in the armies of science and learning— 
‘the mean salaries apportioned to public leetureships, whether in the 
sciences or the arts... Even in this matter all must adinit that progress 
has been made since Bacon's time: and all will agree that Bacon was 
right in pointing to higher compensation of the seientifie laborer as one 
of the indispensable conditions of large and general progress in the 
work. It is safe to say that the economic condition of the individual 
worker m these fields is far better to-day than it was in the sixteenth 
century; and the total sum apphed to the advancement of learning, 
and especially to those very branches that Bacon so much advocated, 
is immeasurably vaster than ever before in the history of the world, 
and vearly inereasing. 

“The next deficiency we shall notice,” says Bacon, * is the want 
of philosophical instruments. . . . To study natural philosophy, 
physic and many other sciences to advantage, books are not the only 
essentials—other instruments are required.” Baeon goes on to men- 
tion what has alreadv been done in this direction—the use of spheres, 
globes, astrolabes, maps: and the provision of ‘ gardens for the growth 
of simples” and dead bodies for dissection, for schools of medicine. 
But what has been done is entirely inadequate; ‘ there will be no inroad 
made into the seerets of nature unless experiments, be they of Vulean 
or Daedalus (air ships’), furnace. engine or any other kind, are 
allowed for; . . . you iust allow the spies and intelligencers of 
nature to bring in their hills, or else you will be ignorant of many 
things worthy to be known.’ With what jov would the writer of this 
have beheld the laboratories of a modern university; how he would 
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have glowed with enthusiasm over experiment stations and a Carnegie 
Institution ! 

The fourth point is more distinctly educational: ‘ neglect of proper 
supervision or diligent inquiry into the course of studies, with a view 
te a thorough reformation of such parts as are ill-suited to the age, 
or of unwise institution.? Bacon gives two specimens of faults in 
the existing conrse of study: first, that scholars are inducted too early 
into logic and rhetoric; and second, that invention and memory are 
not exercised together. These are evidently mentioned rather to indi- 
cate the kind of reforms which Bacon here intends, than for any 
pecuhar importance attaching to them. Perhaps nothing is more 
characteristic of modern education than just this ‘ diligent inquiry 
into the course of study’ which Bacon recommends; not indeed that 
we may yet count ourselves to have attained to perfection in the matter 
of actual reformation, nor to have yet cast off all that was fit only for 
the ‘obscure times’? in which our curricula were first formed. But 
throughout the civilized world those responsible for the training of the 
young—teachers, parents and statesmen—are giving themselves with 
resolute purpose to the discovery and ordering of the best means of 
edueation, for all ages from infancy to maturity. 

The next defect is ‘the little sympathy and correspondence which 
exists between colleges and universities, as well throughout Europe as in 
the same state and kingdom.’ Evidently the possession of a common 
academic language did not insure complete academic harmony and 
cooperation! One can not doubt that Bacon would have seen many 
fulfilments of this desire of his in modern university life: learned 
societies, associations of colleges and schools, conferences, philosophical 
and scientific journals, scientific congresses at international expositions, 
and the like. Perhaps the ceremonies of inducting a president of a 
university into his office would have seemed to him particularly to show 
forth ‘a fraternity of learning and illumination, relating to that 
paternity which is attributed to God, who is called the Father of lights.’ 

“ Lastly,” says Bacon, “I may lament that no fit men have been 
engaged to forward those sciences which yet remain in an unfinished 
state.’ Lastly, indeed, but not least; rather may we believe that this 
forwarding of the unfinished sciences lay nearest of all to the heart 
of the author of the Instauration Magna, a work undertaken, he tells 
us, to ‘perform, as it were, a lustrum of the sciences, and to take 
account of what have been prosecuted and what omitted” None of 
Bacon’s admonitions have been more fully heeded by the universities 
most worthy of the name; indeed it has come to be a mark of a genuine 
aniversity that its teachers should be all ‘ fit men to forward the un- 
finished scienees ’—in other words, investigators. How vast has been 
the actual progress in the lustrum of the sciences may perhaps best 
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be felt by comparing the strange and antiquated terms in the outline 
of Books HI. and IV. of the Advancement, where Bacon catalogues 
the sciences, with the list of departments of study in some great uni- 
versity of to-day. The sciences of which Bacon knew have been ad- 
vanced to a place far beyond the highest imaginings of even his great 
mind in that time; and new regions of knowledge have been opened of 
which he could not dream. Even more significant is the fact that we 
have given up believing in even the possibility of a finished science; 
all are unfinished, and therefore it is the duty of every devotee to labor 
for advance. The universities, after centuries of inertia, have at last 
waked. or rather been somewhat vigorously aroused, to their duty to be 
creators as well as conservators of the store of knowledge. 

Thus when the sixteenth century had barely closed. Bacon pointed 
out these six ways in which higher education and research needed to 
advance: a more liberal curriculum, more generous financial support, 
better and more abundant apparatus for experiment and investigation, 
a rational organization of the course of study, sympathy and coopera- 
tion between all colleges and universities, and the prosecution of the 
‘unfinished sciences.’ History has wonderfully justified his verdict, 
and we may well pronounce him the prophet of the modern university. 
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BRITICISMS VERSUS AMERICANISMS 


By PROFESSOR EDWIN W, BOWEN 


RANDOLPH-MACON COLLEGE 


if is a recognized fact that there is a considerable variation in the 

English language as spoken by the two great branches of the 
Anglo-Saxon race. The English people differ from the American 
people in the use of our common speech not only in their characteristic 
mode of pronunciation and orthography, but they also differ from us 
in no less striking a manner in the use of certain idioms and honse- 
hold phrases, which constitute the small change of our every-day speech. 
This difference is the natural outgrowth of the separation of the two 
peoples by the estranging ocean, which is of necessity a great barrier 
to complete intercourse. To be sure, the fact that the English people 
and the American people have distinct national entities with the re- 
sulting difference, during the last hundred years, of national ideals 
and pursuits, has had the natural and inevitable effect of widening 
the breach between the speech of the two countries. No doubt the 
present variation will be accentuated more and more as the years go 
by, and the language of Great Britain and of America, far from 
becoming absolutely identical in pronunciation and idiom with the 
flight of centuries, will go on developing with an ever-increasing 
divergence from the common standard. If this be true—and certainly 
the facts as to the present tendency scem to warrant such a conclusion 
—the final result may be the mnique linguistic phenomenon of two 
separate and distinct Enghsh tongues, if such a thing be not an im- 
possibility. 

Before pointing ont the variations of our American Enghsh from 
British English, it may be interesting to note the source of our Amer- 
ican vernacular, and the contributing causes of the chief variations 
from the authoritative standard of the mother country. 

When onr Saxon forefathers found their way to the shores of this 
western continent and here established their permanent abode, the 
settlers naturally brought with them the language of their native 
country. This was, of course, the noble tongue of Shakespeare and 
Milton. Onur British cousins who criticize our English so freely and 
cast reproach upon it as if it were a mere jargon, a barbarous patois, 
evidently lose sight of the fact that it boasts the same high pedigree as 
their own much-vannted Elizabethan speech. When the English lan- 
guage was first transplanted in American soil, it was identical in 
orthography, orthoepy and idiom with the speech of the mother 
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country. But the transplanted tongue, having a new and different 
habitat, began at once to adapt itself, however imperceptibly, to its 
changed environ and new conditions. Nor was the connection with 
the parent stock a sufficiently close and vital bond of union to prevent 
the English speech on American lips from undergoing at least some 
slight modification in the course of time, as a natural consequence of 
the altered conditions in the new world. 

It is a well-established linguistic principle that a language in- 
evitably undergoes a slight change, determined by the varying condi- 
tions, as long as it is spoken. When a tongue ceases to be spoken, then 
and only then does it cease to change and become a dead language, as, 
for instance, Latin and Greek. This fact of the gradual change in a 
living language is demonstrated through the difficulty one experiences 
in understanding the English of Chaucer, or even of Shakespeare, for 
the matter of that, although he is not so far removed from the present 
age. Ifa living tongue underwent no alteration with the lapse of 
years, then why should not Anglo-Saxon be as readily intelligible to 
us as modern English ? 

Furthermore, a language is affected in its development by contact 
with a foreign tongue and by outside influences, such as the climate. 
The first of these reasons is so apparent to all that it hardly deserves 
comment. But not so the second. Yet the influence of climate on a 
living language is very fruitful of change. Ready proof of this is 
furnished in our own country in the soft, musical utterance of the 
south in contrast with the rather shrill and forceful habits of enuncia- 
tion characteristic of the north. In Europe, for example, the vast pre- 
ponderance of the harsh, guttural character of the German tongue 
offers a glaring contrast to the smooth, liquid notes of the pure Tuscan 
speech. This is the reason why Italian appeals so strongly to music 
lovers and to all who have an ear trained to be especially sensitive to 
sound. Now, this difference between German and Italian, as respects 
the musical character of the two languages, is doubtless to be explained 
in large measure as the result of climate conditions extending through 
many long centuries. If by some violent political upheaval the Italians 
were transported to the extreme northern part of Europe, it is alto- 
gether probable that their speech in the course of centuries would lose 
much of its native vocalie development, much of its melody, and become 
harsh and strident, somewhat like the Russian language. It follows, 
therefore, that the English speech on American soil has undergone 
some slight modification, in consequence of climatic influence. Per- 
haps this explains the variation of the American pronunciation of the 
long o-sound as in ‘stone’ and ‘bone’ from the British norm. But 
the difference in climate between the two countries is not sufficiently 
marked to produce any very radical departure. 
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A striking feature of the English speech on American lps is the 
leveling of the long a-sound heard in such words as ‘ past,’ ‘ fast,’ 
‘plant,’ ‘command,’ ‘dance,’ ‘path,’ ete. This could hardly be the 
result of climatic influence, however, for it does not appear that the 
climate has had the effect of producing any modification in the pro- 
nunciation of such terms in any part of America. The prevailing pro- 
nunciation of these terms is the same, at the south and at the north 
alike. Such a variation must, therefore, be inherent in the natural 
growth of the English language on American soil. For it must be 
borne in mind that just as the English speech, as any other living or- 
ganism, has been growing and developing during the centuries in 
England, so, likewise, in America it has been growing and developing 
during the last three centuries, but not necessarily in the same manner. 
Those employing the language in Great Britain and in the United States 
are no longer a homogeneous people with the same national ideals and 
destiny. On the contrary, they are two separate and distinct nations 
with different forms of government and with different aims and aspira- 
tions. Add to this the fact that the nations have been estranged by 
political differences which resulted in wars and that they are separated 
by the physical barrier of a vast ocean. In the face of these obstacles 
it is not at all surprising that the English speech has not gone on 
developing part passu on both sides of the Atlantic. The wonder is 
that the present variations are not really greater and more striking 
than they are. 

Another contributing cause of variation of American English from 
the British norm must not be overlooked, the more especially as it has 
proved a prolific factor. In our new country some conditions of life 
arose which were totally unlike those existing in the old couniry. 
Such strange conditions called imperatively for the invention of new 
names and thus gave rise to the employment of new phrases and new 
locutions. ‘These had to be coined immediately for the emergency. 
Since the most distinctive traits of the American are initiative and 
wealth of resource, no time was lost in making such additions to the 
English speech as seemed to supply a felt need, and that, too, without 
any special reference to British models and precedents. Hence a large 
class of terms distinctively American and bearing upon their face the 
trade-mark ‘made in America’ found their way into the English 
vocabulary on this side of the Atlantic, much to the disgust of the 
British precisians and purists, who proceeded forthwith to put these 
new coinages under the ban and to brand them with the bend sinister 
of ‘ Americanism.’ Of this class are many terms indicating mechan- 
ical inventions and appliances, such as ‘ elevator’ instead of the British 
‘lift, to mention only a single example of a long catalogue of useful 
things which American genius has given to the world. Here also be- 
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long numerous words expressing things associated with modern trans- 
portation and rapid transit, such as ‘ street-car,’ ‘ railroad,’ ete. 

Perhaps it may be well just here to call attention to some of the 
ordinary terms and expressions heard in England which strike an 
American as being quite odd and peculiar. It is to be presumed that 
the good Britons will not be offended if we, using the same license as 
themselves, venture to call such expressions ‘ Briticisms.’ Let it be 
distinctly understood, however, that this is not intended as an oppro- 
brious epithet, but only to signify a word or an idiom which is peculiar 
to Great Britain and not familiar in America. For surely the English 
people have the right to employ whatever terms they may choose both 
in their colloquial and in their written speech. 

If an American in London wishes to use a language that is readily 
understood, when he goes to the ticket office he must call it the booking 
office of the railway station. There he must ask the clerk, or rather 
the ‘clark,’ for a first single or a second return, instead of a single fare 
(first class) and a round trip (second class). He must then have his 
luggage labeled, not his baggage checked, and, having secured his 
brasses or labels, not his checks, he sees his box, not his trunk, put in 
the proper van and then takes his seat in the carriage, not in the car. 
Before the train starts off, the guards slam the doors of the carriages, 
turning the handles, and at the conductor’s whistle the engine-driver 
starts his locomotive-engine. The points all being set for a clear track 
ahead, the train speeds along the metals, passing perhaps a shunting- 
engine about the station and a train of goods-vans, 

The variation of British from American usage is not more note- 
worthy in railway parlance than in other circles. If an American 
goes shopping in London, he must call for a packet, not a paper, of 
pins; a reel, not a spool. of cotton. If he desires to buy a pair of shoes, 
he must call for boots, unless he wishes low quarters or Oxford ties; 
if a pair of overshoes, he must ask for footholds or galoshes; if a soft 
felt hat, he must ask for a squash hat, or if he prefers a Derby, he 
must ask for a billy-cock hat or a bowler; if he wishes a pad of paper, 
he should request a block of paper. If he goes to a restaurant, he indi- 
cates whether he desires his meat underdone, not rare; if he wishes 
corned beef, he calls for silversides of beef; if beets, he calls for beet- 
root; if chicken, he calls for fowl; if a cereal of any sort, he calls for 
corn; if cold bread, he must order cut bread; and if he desires pudding, 
pie, jam, preserves or candy, he must order sweets, short for sweet- 
meats. If the waiter should fail for any reason to give him a napkin, 
an American should ask for a serviette; and when he has finished his 
repast, he is handed a bill which he may pav with his cheque, or, if he 
prefers, with the cash from his purse, not his pocket-book. 

If in England you find no bowl and pitcher in your room, you are 
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expected to call for a jug and basin, since there a pitcher means only 
a little jug and a bowl is used exclusively for serving food in. On the 
street, instead of a letter box near a lamp post, you see a pillar box 
near a lamp pillar, and you perhaps meet a person pushing a peram- 
bulator, called ‘pram’ for short, instead of a baby-carriage. For dry- 
goods you go to a mercer’s, where you will find white calico sold for 
muslin. For cloth you go to a draper’s, for wooden ware to a turnery, 
for hardware to an ironmonger’s, for milk, butter and eggs to a cow- 
keeper’s or a dairy, and for fish, game and poultry to a fish shop. If 
you desire any of your purchases sent to your address, you order them 
sent by express-carrier, carriage paid. 

If at any time you desire the services of a scrub-woman to clean 
your apartments, you send for a charwoman. If you wish to have some 
furniture upholstered, you request the upholder to undertake the work 
for yon. If you need the services of a doctor, you call in a medical 
man. You must be careful to address surgeons and dentists by the 
common democratic title ‘ mister,’ since the English custom does not 
warrant you to address them as ‘ doctor.” If you are well, to your 
inquiring friends you are reported ‘fit’ if unwell, ‘seedy,’ if sick, 
invariably © ill’ 

To an American ear British orthoepy offers quite as noteworthy 
surprises as the idiomatic diction does. Of course it is to be presumed 
that there should be more or less marked variations in the matter of 
habitnal utterance of certain sounds, especially the long o- and the long 
a-vowel, as In ‘ fast,’ ‘ dance,’ ‘ sha’n’t,’ ete., which are at striking vari- 
ance with American usage. Indeed, these sounds are so characteristic 
that, like the English custom of ending almost every sentence with a_ 
question, when clearly natural and not an affectation, they serve as a 
shibboleth of British nativity. But notable eccentricities are to be 
observed in the English mode of pronouneing many proper names such 
as Derby, pronounced ‘ darby’; Berkeley, pronounced ‘ barclay ’; Mag- 
dalen, pronounced ‘maudlin*; Cadogan, pronounced ‘ kerdnggan’ ; 
Marylebone, pronounced ‘merrybone’; Cholmondeley, prononneed 
‘chumly’: Marlborough, pronounced ‘ mobrer’: Albany, pronounced 
so that the first svllable rhymes with Al- m Alfred, ete. It is unneces- 
sary to multiply examples. Suffice it to say that there is a large class 
of these words the spelling and pronunciation of which seem to an 
American rather curionsly divorced. Certainly American usage offers 
no parallel where there is so complete a divorce of orthoepy from or- 
thography. American usage makes for phonetic spelling and tends 
to make the conventional pronuneiation and spelling conform some- 
what. at least. 

Having drawn attention to a few Briticisms, we are now prepared 
to discuss some of our Americanisms which seem to excite in the pure 
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minds of the English precisians alternate feelings of disgust and indig- 
nation. Let it be premised, however, that it is not proposed to include 
ordinary slang in the present discussion. It must be admitted that 
too much slang is employed even in polite circles, not to mention the 
speech of those who make no pretense to refinement and culture. But 
one should not confuse vulgarisms with so-called Americanisms, Just 
as one should not confuse vulgarisms with legitimate slang. The dis- 
criminating student distinguishes between ordinary slang and legiti- 
mate slang. The vulgar slang of the street is, of course, to be univer- 
sally condemned and tabooed. Legitimate slang, on the contrary, 
performs an important function in the development of a living lan- 
guage. It is not to be inconsiderately ostracized, therefore, and put 
under the ban as the chief source of corruption of our vernacular, as 
certain of our purists. in their zeal without knowledge. tell us and at- 
tempt to maintain. It is idle for them in their self-appointed rdle of 
guardian of the pristine purity of the English tongue to endeavor to 
defend so unsound and so indefensible a thesis. For legitimate slang, 
far from being an unmitigated evil and a constant menace to the purity 
and propriety of our noble tongue, is standard English in the making. 
is idiom in the nascent state before it has attained to the dignity of 
correctness of usage. To change the figure, legitimate slang is the 
recruiting ground whence come the new and untried words which are 
to take the place in the vernacular, of the archaic and obsolete words, 
dropping out of the ranks. But it is aside from the main purpose of 
this paper to discuss the relation of slang to standard usage (cf. © What 
is slang?’ Poputar Science Montuty, February, 1906), and hence 
this only in passing. 

By an Americanism, as here used, is meant a word, phrase or idiom 
of the English tongue, in good standing, which has originated in 
America or is in use only on this side of the Atlantic. It will be seen, 
therefore, that all mere slang expressions, even though they be of 
American origin, are barred from the present consideration. In his 
dictionary of ‘ Americanisms,’ Bartlett gives a large collection, many 
of which the above limitation, of course, excludes. 

Of reputed Americanisms, as one might surmise, there are several 
classes to be distinguished, without any very clearly defined line of 
demarcation separating them. One class includes a large number of 
phrases which had their origin in England and were transported thence 
to our shores by the first settlers who came from the mother country 
and established themselves in Virginia and Massachusetts. In the 
last analysis these locutions appear to be transplanted British provin- 
cialisms, not a few of which came over in the Wayflower. Some of our 
British critics who are not as familiar with the history of the English 
language as they might be do not hesitate to deliver an offhand opin- 
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ion, pronouncing an apparent neologism an Americanism, when as a 
matter of fact the expression shows a good English pedigree extending 
back many generations. A more intimate acquaintance with the his- 
tory of our common speech would save them the embarrassment from 
such a glaring blunder. But it is so easy to fall into the careless 
habit of branding as an Americanism an unfamiliar idiom or a phrase 
that is rarely heard in England. This convenient term has thus he- 
come in England a reproach, inasmuch as a certain stigma, somehow, 
attaches to it in the British mind. But for all that, hke charity, it 
covers a multitude of sins, sins of keen prejudice, no less than of crass 
ignorance. 

Many of the so-called Americanisms are really survivals of Eliza- 
bethan English and boast a Shakespearean pedigree, although they are 
no longer heard in the country of that consummate master of our 
speech. Somehow, they seem to have drifted out of the main current 
of British English. Perhaps they have been canght up by an eddy 
and carried into one.of the provinces where they are still preserved, as 
they are in America, fresh and vigorous. A moment’s reflection will 
show that we Americans come rightly by our Elizabethan English. For 
surely New England, Maryland and Virginia were settled by those who 
spoke the tongue of Shakespeare, even though they did not all hold the 
faith and morals of Milton. Many of these settlers—both Puritan 
and Cavalier—were college-bred men, graduates of Oxford and Cam- 
bridge. Therefore they inherited the best traditions of the English 
speech and transmitted it uncorrupted to their children. Nor were 
their children wilful traducers and corruptors of the King’s English, 
but contrariwise they conserved it and safeguarded its purity quite as 
sedulously as the inhabitants of the mother country. Thus the Enghsh 
speech was handed down, undefiled, from one generation to another, 
in America. Hence some words and phrases of good Elizabethan usage 
have been preserved in America, which long ago became obsolete and 
dropped out of the living speech in England, where the growth of the 
language was, of course, not arrested by the rude shock incident to its 
being transplanted in a foreign country. 

Let us now point ont a few examples of reputed Americanisms, 
social pariahs which have lost caste and no longer move in polite circles 
in England. An interesting example is found in the word ‘ fall’ used 
in the sense of antumn. Both these terms are in favor in America, 
although the pedants, following the lead of British crities, proscribe 
the use of ‘ fall” We are told it is not emploved in standard English, 
and hence must be censured as provincial. Yet ‘ fall,’ which enjoys a 
certain poetic association with the fall of the leaf, can offer in its sup- 
port the high authority of Dryden, who employed it in his translation 
of Juvenal’s satires: 
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What crowds of patients the town doctor kills, 

Or how last fall he raised the weekly bills. 
In his ‘ Northern Farmer, Tennyson used the offending word, but of 
course under the cloak of a provincialism. Still Freeman did not 
deign to employ it. Commenting on it, he remarks: “If fall as a 
season of the year has gone out of use in Britain, it has gone out very 
lately. At least I remember perfectly well the phrase of ‘spring and 
fall’ in my childhood.” 

Another good illustration of a word still surviving in American 
usage, but long ago discarded in England, is ‘ sick’ in the sense of ill. 
British usage restricts the meaning to nausea, employing ill to describe 
a man suffering with a disease of whatever sort. Yet ‘sick’ is sup- 
ported by the very best literary authority. The term occurs again and 
again in Elizabethan literature. Reference to Bartlett’s concordance 
will convince even the most skeptical that the word abounds in Shake- 
speare, and that, too, in passages where the correct interpretation leaves 
no doubt that ‘ill? is meant. Suffice it to cite only an example or two: 
In ‘ Midsummer Night’s Dream’ (act 1, scene 1), Shakespeare makes 
Helena say, ‘Sickness is catching’; again in ‘ Cymbeline’ (act 5, 
scene 4), we read, ‘ Yet am I better than one that’s sick of the gout’; 
and in ‘ Romeo and Juliet’ (act 5, scene 2), we read, ‘ Here in this city 
visiting the sick” Not only so. ‘Sick, in the American acceptation, 
has an unbroken line of the best literary authority from Chaucer, ‘ that 
well of English undefiled, down to Doctor Johnson, whose dictionary 
defines the word in reference to a person afflicted with disease. Amer- 
ican usage, furthermore, is supported by the King James version, in 
which ‘ill’ is nowhere found, and also by the Anglican Church ritual. 
It is needless to multiply citations. If Americans sin in the improper 
use of ‘sick,’ it may be urged in extenuation that they can at least 
plead a long array of illustrious and unimpeachable authority and are 
in good company. 

The use of ‘ well’ as an interjection is mentioned by Bartlett in his 
dictionary as one of ‘the most marked peculiarities of American speech.’ 
Moreover, he adds, ‘ Englishmen have told me that they could always 
detect an American by the use of this word” If this is an infallible 
hall-mark of American speech, then American English is nearer the 
tongue of Shakespeare than British English of the present day. For 
the word ‘ well’ in the sense of an interjection occurs again and again 
in Shakespeare. In ‘ Hamlet’ (act 1. scene 1), Bernardo asks, ‘ Have 
you had a quiet guard?’ Francisco replies, ‘ Not a mouse stirring.’ 
Whereupon Bernardo adds, ‘ Well, good-night... Again, in *‘ Midsum- 
mer Night’s Dream’ (act 3, scene 1) : 

Bottom. And then indeed let him name his name, and tell them plainly 


he is Snug the joiner. 
Quince. Well, it shall be so. 
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In Beaumont and Fletcher's ‘ Captain’ (aet 3, scene 3), we find an 

excellent example in the line, ‘ Well, I shall live to see your husbands 

beat you.’ No one, of course, would think of charging Tennyson with 

using unidiomatie English. Yet, in ‘ Locksley Hall’ you read: 
‘Well—'t is well that I should bluster’ 


Surely it is superfluous to cite further examples from English authors 
showing that American usage in the ease of ‘ well’ as an interjection 
is perfectly good English, even if the loeution is censured by British 
pedantry and never heard on British lips. 

The trite and hard-worked ‘ guess,’ as characteristic of American 
speech as the much-abused ‘ faney’ is of British speech, furnishes an- 
other conspicuous example of a reputable word in Elizabethan English 
whieh has become obsolete in England, but is still preserved on this 
side of the Atlantic. There is no doubt that our constant employment 
of this good old Saxon word to do service on every occasion and to 
express every shade of thought from mild conjecture to positive asser- 
tion is somewhat inelegant; and this circumstance has perhaps con- 
tributed to bring the overtaxed phrase into disrepute with our kin 
across the sea. Yet there is abundant warrant in Elizabethan usage 
for the familiar notation we give ‘guess’ in our every-day speech, 
although it is generally confined to its strict meaning of conjecture in 
that period of the language. We find it used im the familiar sense of 
‘think’ in several passages in Shakespeare, notably in ‘I. Henry VI.’ 
(act 2, scene 1): 

Not altogether; better far, I guess, 
That we do make our entranee several ways. 


Likewise, in ‘ Measure for Measure’ (act 4, scene 4): 


Angelo. And why meet him at the gates and redeliver our authorities 
there? 


Esealus. J guess not. 
So, again, in the ‘ Winter’s Tale’ (aet 4, scene 3): 
Camillo, Whieh, I do guess, you do not purpose to him. 


But this meaning of ‘ guess’ is common throughout the entire his- 
tory of English literature, for the word has always borne the sense of 
think, check by jowl with its specific meaning of conjecture. It is so 
employed by Chaucer and Gower in early times and in the last century 
by Sheridan and Wordsworth, certainly good literary authority enough. 
However, this meaning of the term appears to have died out in the 
present-day British speech, and the word is there employed strictly in 
the sense of conjecture, its lost sense being supplicd by ‘fancy.’ Now, 
as between the Briton’s ‘ fancy’ and the Ameriean’s ‘ guess,’ there may 
not be much choice. But certainly the employment of ‘ guess’ which 
our British cousins claim to be a shibboleth of American nationality 
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does not indicate any misuse of our mother tongue, as they contend. 
Only one more ease shall be adduced in illustration, to wit, our 
word ‘ baggage,’ which the other half of the Anglo-Saxon race has dis- 
carded for ‘liggage.’ Ilere again, as elsewhere in the exercise of our 
prerogative, we have demonstrated our independence of the mother 
country in the matter of our speech and have ehosen one terin while 
the English people have adopted another, to designate the same thing. 
Both words have a good literary pedigree extending several centuries 
back. Shakespearean usage seems about equally divided, perhaps, with 
the odds in favor of ‘ baggage.’ The Shakespearean coinage ‘ bag and 
baggage and serip and scrippage. which falls from the lips of Touch- 
stone in * As You Like It,’ and which enjoys the familiarity of a house- 
hold word, ought to have given * baggage * a wider curreney, especially 
in the author’s own country. But language, like the heathen Chinee, 
has ways that are dark, if not trieks that are vain, and does not develop 
aceording to logie or our @ priori conceptions. Between the Briticism 
‘luggage’ and the Americanism ‘ baggage’ it appears, therefore, to be 
a drawn battle. So the British have nothing to reproach us with on 
this seore, since convention has adopted ‘baggage’ on one side of the 
Atlantie and ‘luggage’ on the other. 

So much for this interesting class of Americanisms which repose 
on standard Ehzabethan usage, but are social outeasts in the land of 
their birth. There is another class of Americanisms which are not 
bolstered up by a long literary pedigree, inasmueh as thev originated 
on American soil and were not imported from the old world. As com- 
pared with the class just considered, these latter are mere parvenus, 
without any illustrious ancestral history to commend them. This class 
of Americanisms is composed of phrases which have found their way 
into our speech from various foreign sourees. They haye been intro- 
duced into our tongue from our contact with diverse peoples from re- 
mote parts of the globe. They constitute a small residuum of terms 
and phrases. the presence of whieh in our voeabulary attests the fact 
of our relations with different nations of the earth. For instance, in 
the early history of our country, we had to do with the Indians. and 
so borrowed from them certain terms especially pertaining to natural 
objects. We also had relations with the French, and consequently 
borrowed from them sundry phrases emploved in official parlance, such 
as ‘bureau of information, for which British usage prefers ‘ office’; 
‘exposition’? for the British ‘exhibition, and the like. Let these few 
examples represent the class. It is apparent here that we have made a 
slight departure from British usage. But it does not follow that our 
speech. for this reason, is less pure or Jess idiomatic. Both American 
usage and British usage show that the respective nations have decided 
to employ Romance importations in official language, but they have 
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adopted different terms for the same object. This proves, in the first 
place, the independence of the two great English-speaking nations even 
in the matter of language, and, in the second place, the wide-reaching 
influence of French as the recognized official and diplomatic language 
during the eighteenth and early nineteenth centuries. 

In addition to these two distinct classes of Americanisms there is 
a third class composed of phrases and expressions which have not yet 
attained to the dignity of universal currency throughout the entire 
country. These are rather provincialisms which are peculiar to cer- 
tain localities. This class, therefore, does not command the importance 
which the first two classes already considered do. In a heterogeneous 
population like ours, made up of people from every nationality under 
heaven, it is quite natural that in certain localities there should exist 
some eccentricities of speech, some departures from the received stand- 
ard—in a word, some provincialisms. It need hardly be recalled that 
parts of our vast country were settled by other nations than the Eng- 
lish, as, for instance, New York by the Dutch and Louisiana by the 
French, to mention two specific cases bearing on the point in question. 
The people of these respective states, when they were incorporated into 
the union, of course, did not immediately forsake their native modes 
of speech and inherited vocabulary for pure, unadulterated Saxon. 
When the vast southwest territory was made a part of the United 
States, the people in that quarter of the land spoke a lingo which had 
a decided foreign complexion. What more natural, then, than that in 
the speech of that portion of our land there should exist traces of this 
old foreign element? Assuredly it would have been the height of arti- 
ficiality and an unprecedented proceeding for the French element of 
New Orleans, when they became citizens of the United States, to have 
renounced their native French names for such natural objects as 
‘bayou,’ ‘levee’ and the like, in order to adopt pure Saxon terms. 
Likewise, it was not to be expected that the Spanish settlers in the 
western section of our country, specifically California, shonld abandon 
such native terms as ‘cafion’ and ‘ranch’ and so on, for the corre- 
sponding names of genuine English origin. Thus it happens that 
there is a pronounced foreign flavor, or at least a shght tang, in the 
eccentricities of speech heard in certain localities of the United States. 
But these are mere provincialisms and do not impair the quality of our 
standard speech, which is English to the very core. 

However, it was inevitable that the English language in America 
should have received an influx of foreign words on American soil. But 
our speech possesses a marvelons capacity for assimilating non-Saxon 
elements from whatever source. Hence the various foreign elements, 
such as Indian, Dutch, French and Spanish, to mention only the chief 
importations, have all been absorbed without any appreciable altera- 
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tion in the constitution of our English speech, and only traces here 
and there are seen of non-Saxon elements surviving in a word or an 
idiom as an enduring monument to the influence of other tongues 
upon our own on American soil. Some of these foreign loans, it is 
true, are confined to certain localities, and consequently are to be 
viewed in the light of solecisms, or at best provincialisms. They cir- 
culate freely in a limited area, but are not recognized as legal tender 
throughout the length and breadth of the country. Such expressions 
are confined chiefly to the western portion of the United States and 
very rarely find their way east. It is questionable whether they are 
entitled to be termed Americanisms except in the most liberal interpre- 
tation of that phrase, because they are not everywhere current and are 
not readily intelligible, not * understanded of the people.’ 

It seems appropriate at this juncture to say a word concerning dia- 
lects in America. The assertion is sometimes made that there are no 
dialects in America, that the railroad and printing press, the two 
potent and indispensable agencies in our modern civilization, have 
leveled out all eccentricities and peculiarities of speech and reduced 
our language to a uniform standard throughout our entire country. 
This statement is, in the main, true. Yet it requires only a little 
reflection to see that the assertion is not absolutely accurate and in 
accord with the facts. Certainly a brief residence in the several prin- 
cipal sections of the United States would bring convincing refutation. 
There is the western dialect, as implied in the comments in the preced- 
ing paragraph. There is also the Yankee dialect of New England, 
the salient features of which Lowell described very fully in his famous 
‘Biglow Papers.” ‘There is no less truly the southern dialect with 
its definite peculiarities of idiom and utterance. ‘These dialects are 
quite sharply defined by their respective characteristics of colloquial 
speech. Each dialect has its own phrases and locutions familiar enough 
within its own geographical divisions, but not readily understood, 
perhaps unknown, elsewhere. For instance, the native southerner 
‘reckons’ and ‘ don’t guess,’ whereas the Yankee to the manner born 
does not ‘ reckon,’ but ‘ guesses’ @ tort et @ travers. As for the western 
dialect, it is said that three elements enter into its constitution, 
viz., the mining, the gambling and the cowboy element, a rich vein of 
billingsgate running through each. An effort has been made by our 
writers of fiction to register and record the salient features of these 
respective dialects ineidentally in their stories, but the shades and 
gradations of speech are not easy to reflect and preserve on the printed 
page with the corresponding local color. Hence the work has been 
but partially done, and nowhere with complete success. 

We Americans are far less trammeled by dialectal inconveniences 
and perplexities, however, than are the English people. For in Great 
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Britain there is much less uniformity of speech than with us, and the 
difference between the langnage of a Scotchman and that of a Devon- 
shire man is almost infinitely greater than the difference between any 
two American dialects. But the dissimilarity of the British dialects 
is historic and dates back from tnume tmmemorial. The story of 
Caxton, the first Englsh printer, is well known, how the good 
merehant from a southern shire, when he inquired for eggs of a good- 
wife in a northern shire, could not make himself understood, his south- 
ern dialeet bemg mistaken for French. To be sure, the dialectal 
differences are not so great to-day as they were in those remote times, 
largely as the result of the printing-press Caxton set up in Westminster. 
But even yet the differences between the dialects of the extreme parts 
of the British Isles is so pronounced as to be a barrier to complete 
interchange of thought. . 

It appears from the foregoing that the indictment of corrupting the 
Enghsh language whieh certain British erities have brought in against 
the American people is not a true bill, since no count has been estab- 
lished. Onr British critics seem loath to acknowledge any American 
rights m our common language. Americans have as much right to 
enrich the English vocabulary with useful words as the English people 
themselves. We also have as just a claim as they to revive and pre- 
serve an obsolescent phrase or idiom. Beeause a given English word 
is no longer in use and esteem in England, but is recognized as standard 
usage in the United States, it does not follow that it is not good Eng- 
lish. The number of those using the English language in America 
far exceeds the population of England, and the English speech is just 
as vigorous and virile in America as it is in the parent country. In- 
deed, it has given indubitable proof of its vitality and vigor on Ameri- 
can lips by adapting itself to the infinite variety of new conditions in 
this new country and by the added flexibility, strength and richness 
as exhibited in its augmented vocabulary. English now is the lan- 
guage of the American people as well as of the English people. It 
is, therefore, no longer proper or scientific to speak of the queen’s or 
of the king’s English. Sueh a phrase is really an anachronism in the 
twentieth century, when the English-speaking subjects of King Edward 
are numerically inferior to those not owning allegiance to Britain’s 
sovereign, who speak the same tongue. Moreover, it is manifestly 
not in keeping with the eternal fitness of things. as well as unscientific, 
for our British ith and kin to stigmatize an idiom or a phrase in good 
American usage as a proyincialism simply because it is not current in 

rreat, Britain. The Britons have no more right to attempt to pre- 
seribe and limit the growth of the English tongue than we have. Nor 
de they enjoy an exclusive prerogative of determining whether a given 
expression, be it a new coimage or a survival from a former period, 
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shall live and flourish or decline and perish in the English tongue. No 
sovereign, no nation can determine this, either by decree or by statute. 
The most that the British can say in derogation of an alleged Ameri- 
eanism is that it is current only in America and is not authorized by 
British usage. But this does not make it un-English, if it bears the 
Ameriean sign manual. 

It is perfectly absurd for the British erities to condemn Ameriean- 
isms offhand and to attempt to read them out of the language, simply 
because they are not in accord with British usage. In so doing they 
give proof of their insularity and fail to exhibit a spirit of liberality 
and sweet reasonableness. Indeed, they seem disposed, at all events, to 
take themselves too seriously as guardians of the English language. 
It is well enough for a eritic to throw his influence on the side of the 
preservation of the purity and propriety of speech. But it is sheer 
folly to allow one’s pedantry to go to sueh a length as Malherbe, that 
‘tyrant of words and syllables” who on his death-bed angrily rebuked 
his nurse for the solecisms of her language, exclaiming in extenuation 
of his act, ‘ Sir, I will defend to my very last gasp the purity of the 
French langnage. It is related of him that he was so fatal a precisian 
in the choice of words that he spent three years in composing an ode 
on the death of a friend’s wife. and when at last the ode was completed, 
his friend had married again, and the purist had only his labor for his 
pains. Now your true British pedant seems to think it his bounden 
duty to reject summarily every word or expression which does not. 
bear the pure English hall-mark, and that as for Americanisms they are 
an abomination which must inevitably work the speedy corruption and 
ultimate decadence of the noble English tongue. Such an one, whether 
from his precisianism or his prejudice, fails utterly to recognize in 
Americanisms conclusive evidence of the inherent potency, vigor and 
vitality of the English language on American lps. 
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DIFFICULT BOYS 


By J. MADISON TAYLOR, A.B., M.D. 


PHILADELPHIA 


LONG and somewhat intimate acquaintance with boys and teach- 

ers of boys, many of whom are my close personal friends, has 

given ime opportunity to formulate certain conclusions which may help 
others. J have always been fond of the society of boys, being endowed 
with youthful tastes and aptitudes, and find it profitable to study boy- 
hood hopes, pleasures and ambitions. I have also taught boys and 
traveled with them in various capacities, and have a grown son whose 
friends I have tried, and with some success, to make my own. My per- 
sonal work has brought me in intimate contact with many phases of the 
human mind other than normal and particularly with problems of 
psychologic imperfections. This attention to abnormalities of the mind 
and character has not had the effect of making me over-suspicious of 
finding defects of the mental processes, because it is obvious to the 
student that few brains are free from obliquities and regrettable limi- 
tations. The tendeney is for me rather to view with tolerance inevi- 
table vagaries which surprise and shock those who assume that the 
smind of most folk is sound and dependable. ‘Teachers and parents 
are overready to become amazed at sudden variations and deviations 
un the thoughts and actions of those entrusted to their keeping. Iinder- 
garteners seem to assume as a fundamental principle that any child 
subjected to what they define as suitable conditions of environment and 
education can develop into a perfect being. Lawyers divide people into 
two sharp-cut classes; those who are altogether sane and responsible, 
in season and out of season, and those who are insane, fit only to be held 
in check by restraint. Clergymen are over-tolerant of peculiar action 
and speech, often to a degree that they are not so helpful as they should 
be in enforcing authority where capability for responsibility is ques- 
tionable. They frequently urge the objection that a stigma falls upon 
those who are at any period admitted to be in need of special training 
or restraint. Among medical men there is too httle knowledge and 
much unwarranted fear of nental problems. They know something, but 
not enough, as a rule, and occasionally err on the side of condemnation. 
Physicians and teachers should clearly appreciate that the mind of 
man in his earher years varies widely in degrees and qualities of devel- 
opment, even more than in differenees of bodily growth. Again, vary- 
ing conditions of home influence, early schooling or aceidental train- 
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ing may, and does often, bring forward rapidly one part of the mind 
while another remains distinctly infantile. Conditions of bodily health, 
not always obvious or even readily estimable, produce profound changes 
in cerebral energizing, so that one day certain beliefs, capacities and 
limitations may exist and to-morrow the balance of power be far other- 
wise. Under certain conditions, not readily determinable by common 
criteria, we may note and encourage in some the most bubbling spon- 
taneity, and in others similar circumstances may check all this, inducing 
introspection, discontent with self or surroundings, even a brooding 
melancholy. ‘Tastes and inclinations differ enormously, especially in 
boys; also standards of excellence. Conceptions of objects worthy of 
pursuit in sport, or study, or plans for life, are often widely at 
variance, not only in different individuals, but in the same boys at 
different times and under dissimilar conditions. 

Many boys are possessed of greater fixity of purpose than others. 
This is usually assumed to be an altogether desirable quality. Not 
always so, because one boy may possess a nature large with possi- 
bihties and varied capacities, some of which are bad, revision being 
most desirable. It would be a deplorable unfairness to compel such 
a one to become molded into a definite form before time and cir- 
cumstances have permitted a symmetric shaping of the best several 
parts of a complex organism. It may be that such a boy will require 
many years of opportunity and training to furnish scope to vast 
inherent powers for good. Put him into a narrow line, and only 
warping and possibly embitterment and deterioration follow. How- 
ever, fixity of purpose is to be welcomed in the main, because direction 
can be given to strong impulses; but it is a hard task to steer a drifting 
ship. 

The subject is so wide and capable of being treated under such a 
variety of headings that my purpose here is only to offer from my 
experience remarks upon two of the chief influences which either make 
for corrective development, or emphasize the original bent and impair 
usefulness and citizenship. The one is home training and early environ- 
ment, the other is the school and the teacher. 

A long experience in the specialty of diseases of children has brought 
me in contact with many children in their homes. <A large and impor- 
tant book could, indeed should, be written on the subject of parenthood. 
In a paper I wrote some years ago (‘ The Nervous Mother,’ Univ. Med. 
Mag., N. Y., 1895) I said: 

We all love to contemplate our eidos, or highest concept of the mother, 
the unspeakable beauty of which has alternately lured and baffled thinkers 
and poets throughout recorded history. Nothing is too good or can be claimed 
as too lovely in description or praise for the ideal type of maternity. It is 


then with regret we must admit that the average mother is often disappointing. 
It has been permitted me to meet many superbly beautiful mothers. Yet this 
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crowning embellishment and glory of womanhood comes too often as a sur- 
prise, nor is it always welcomed, and only rarely does it bring unalloyed joy. 

There are obviously some faults here which must be local or due to 
remediable conditions. It is our duty to search out the defects and 
correct them. This in my judgment is chiefly in negligences in teach- 
ing mothers their duties. When it is realized that the most valuable 
influential impressions upon the infantile organism (whereby standards 
are acquired, moral impulses initiated), are made during the first year 
of life, it is plain that no omission of maternal care can he otherwise 
than hurtful. However much the mother may lack of perfect fitness 
for her sphere, however blameworthy in her attitude toward her trust, 
still she is a trustee for whom there can be no substitute comparable to 
herself. The child who has failed to enjoy the tender all-enfolding 
care and love of a mother, acting up to her best endeavors, is bereft of 
the greatest gift obtainable. She may leave in her personality, in her 
conduct, much to be desired. She may be a mass of minor faults, not 
wise or strong of mind, yet if she be sincerely desirous of fulfilling her 
instinctive obligations, no other being can replace her. 

The difficult boy stands clearly differentiated in my mind from the 
backward-minded or irresponsible boy, although there are grounds on 
which they may become merged. The difficult boy, as I conceive him, 
is one endowed with normal impulses, usually overstrong, which, be- 
cause of defects of early guidance, have become diffusive, unsymmet- 
rical, lacking inhibition, one who is commingled of more bad than good, 
yet often capable of great things under favorable conditions. There 
are those in whom the ingredients vary in other directions, among the 
worst of which are apathy, laziness, secretiveness, moral shortcomings. 
These, however, will soon or late become classifiable differently. 

The difficult boy may appear to be a liar, a bully, selfish, unwilling 
to exert himself in worthy directions, of even other and perhaps worse 
characteristics. All this may be due to pressure of circumstances 
obtunding a none too vigorous sense of right and wrong, distorting 
conceptions, inducing acts and speech which belie inherent normal in- 
stinets which are undeveloped or chronically impaired. In short the 
seeds of wholesome manhood are present, in fair measure, capable at 
times of splendid development, often to admirable citizenship, but not 
strong enough unaided to nullify the blanketing effects of circumstance. 
llow are we to estimate what these counteracting forces are, or were, in 
the instance? How should we have conducted ourselves under the same 
baffling influences? What would have been the effect of the same plainly 
indicated disheartenments, evil influences, examples on one nature as 
compared with another? If we examine our own personalities, we can 
see evidences of effects springing from apparently trivial causes out of 
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all proportion to that which should have followed. A critical, candid 
self-survey will often astonish and alarm us at the close escapes we 
have made from impulsions which swayed us forcefully. What conse- 
quences have we escaped by sheer accident? In short, how can we wisely 
make allowances for forces potent in others, the nature of which we may 
only dimly know and are practically unable to appreciate in all their 
temporary despotism? The question is how far will the normal impulses 
carry any one? We plume ourselves on our own individual solidarity, 
poise, achievements, our importance in the community; yet we have 
survived endless perils by means of some judgment and more luck. 

G. Stanley Hall, the master mind in childhood psychology, tells us 
in this connection that: 

Many of the morbid mental phenomena are merely those of overaccentua- 
tion of processes normal at puberty. The germs of many of these disturbances 
lie in the common faults of childhood, which are now studied under the name 
of pedagogie pathology. We must seek the key to these perversions by address- 
ing ourselves to the larger underlying and preliminary problems of determining 
the natural forms of psychic and somatic transitions from childhood to maturity, 
and study what puberty and adolescence really mean as developmental stages 
of human life. 

Adolescence begins with the new wave of vitality seen in growth; in the 
modifications of nearly every organ; new interests, instincts, and tendencies 
arise, increased appetites and curiosity, so that it is the physiologic second 
birth. Passions and desires spring into vigorous life, but with them normally 
comes, or should come, the evolution of higher powers of control and inhibition. 
The momentum of inheritance may be suflicient and Binschwanger conceived 
the psychic morbidities of this age as due to exhaustion or lack of capital. 

In the earliest education of all boys, whether in the family, the 
kindergarten or the school, one definite principle. it seems to me, 
should be held in mind as of paramount importance. This is motor 
training. The potentiality of this postulate is readily demonstrable, 
yet the history of education exhibits here a neglect. seeming to argue 
that if the principle were so vital it would have been enforced long 
ago. There is some modification in these later years. Froebel 
makes partial use of motor training in his beautiful idealizations, 
but it is subordinated to an optimistic expression of the good, the 
beautiful. the divine, needtul but Jacking in robust practicability. 
Man is put into the world to do something. to be something. and the 
obvious way to accomplish this is by primitive forms of labor. He 
may, and should, think, worship and aim for high ideals. In all this 
he should achieve conerete things. It is by no means proved that he 
ean do this, except through the gradual process of fitting himself to 
become a practical part of the divine scheme. In this there is no place 
for drones. In due time he may devote himself, after earning the right, 
to physical quiescence, to thought, to contemplation. Man may, if he 
so elects, try to achieve a serene mental attitude (nirvana or kaaf) until 
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he shall becoine released from all bonds as the teachings of Brahma 
make possible. This is what the Froebelian conception leads to. 

Action is the key-note to habit and character. Good habits make for 
progress. Habits are definite actions resulting from sensations, motor 
modifications in nervous matter which have become stable through 
repetitions of actions. They are thus more easily performed. At first 
there is friction between sensory and motor nerve cells and this must 
be decreased by work. Memory is thus the same as habit; the nerve 
cells continuing to act in the way they have been induced to act before. 
We remember most easily things or acts which have been most often 
performed ; new paths are thus ploughed gut in nervous matter. When 
actions have been repeated often enough there are then almost no new 
paths to be formed. Hence habits acquired become fundamental courses 
of action, they constitute organic memory, which may or may not be 
accompanied with consciousness. To form these there must be accu- 
rate repetitions of dynamic associations between nerve cells in early 
life, during the plastic period. After plasticity of these cells has passed 
away guiding habits can only be acquired imperfectly, and if at all 
at enormous expense of energy. Hence the imperative need to form 
correct early habits, which are bundles of memories or tendencies en- 
abling us to act again in the way we acted before. They become parts 
of our essential nature. A man does in middle life what he began to 
do in childhood—it may be good or bad—it is imperative. The boy 
unconsciously molds and trains his nervous mechanisms in such fashion 
that they will continne to act and react in the same way. At the start 
he is master, after a time habits master him. When these facts are 
more clearly appreciated there will be broader acceptance of the truth 
of the principle that dogmatic authoritative training in early life is 
best, provided always parents and teachers can be trusted to initiate 
action judiciously. Many a man is a failure in some direction, because 
he omitted to acquire the habit of courtesy, self-restraint, correct 
diction, punctuality, dexterity, accuracy in fundamental motions, even 
truth-telling. What evil may follow from the acquirement of vicious 
habits, however heroically resented, can readily be imagined. Habit is 
the process of associating a definite muscular action with a sense im- 
pression or with an idea. A child properly trained gives the right motor 
response with unerring accuracy. Sensation must be associated so 
often with action that one shall flow automatically into the other. An 
image is a revised sensation leading to mental conceptions, impulses, 
ete. No image can be formed without causing a more or less intense 
motor outflow. Movements can be checked by the introduction of cause, 
and counter cause. Thus the will is invited to oppose a movement 
through the function of inhibition, whereby it is modified in accordance 
with judgment.? 


1 See Reuben Post Halleck, ‘ The Education of the Central Nervous System.’ 
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The child of rapid growth usually fails of symmetrie development 
in several directions. Disease processes, infections, accidents of nutri- 
tion, environment, emotional influences, ete., all tend to initiate and 
emphasize minor deformities. Overgrowth usually leads, for instance, 
to poor thoracie eapacity. If the thorax is for any reason dispropor- 
tionately small and narrow a variety of speeial predispositions are 
encountered. 

If as physicians we fail to devote sufficient attention to morbid 
phenomena of the mind and morals, we perform less than half our 
duty. Disorders of the mind are dependent upon one of two factors: 
either defects of development in the brain, or diseased processes of the 
brain, or retroactively. The purpose and aim of diagnosis rest upon 
the concept that by the early recognition of manifestations of morbid 
physiology, we shall find means to check the changes which would 
otherwise pass on to destructive alterations. 

If this proposition obtains for the disorders of the physical func- 
tions, how much more must it fulfill a valuable service for those of the 
brain, which is a far more sensitive structure and especially hable to 
permanent damage from relatively slight irritations. It is a great 
privilege to mitigate bodily suffering, to limit the progress of structural 
degenerations, to prevent disablement and save life, but how vastly 
higher is the prerogative to turn aside those perils which jeopardize the 
budding intellect and rescue a tottering moral nature. Yet how lhitile 
of this subject is the medical student taught, or again how much interest 
does the average practitioner display in this incomparably higher phase 
of his duties ? 

It should be the aim of the elinieal teacher to emphasize unceasingly 
the urgeney of obtaining the earliest possible indieations, omens or 
prefigurements of departure from normal funetionation; especially in 
children. When this is accomplished the greatest economy is effeeted ; 
first in the limiting of suffering and the progress of disease, and second, 
in forefending the organism from developmental defeets. All life is a 
process of development, but the effects of interferences are vastly more 
forceful and signifieant in the young. M. W. Barr points out a fact, 
especially obvious in children of impaired mentality, which, however, 
obtains to a certain extent in all. There are at any one period, three 
ages which must be estimated: (1) the actual age in years, ete.; (2) 
the psychologic age, the degree of mental development or retardation ; 
(3) the physiologic age, the status of conformation and function. 

Diagnosis of the morbid conditions of ehildhood involves something 
more than a mere search for evidences of disease. During the period 
of plasticity numerous influences prevail in all ranks of life to alter 
normal growth and organie development by which the foundations of 
constitutional weakness are often laid. These are in a great measure 
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preventable, at least in part. It is the duty of the physician to recog- 
nize and promptly rectify the evil effects of environment and training, 
and in so far as possible of inheritance. Henee it is a most important 
department of differentiation to possess clearly defined standards of 
growth, proportion, aetivities, sensitiveness, functional competence, 
intelligence and eapacity for endurance. These standards should be 
the produet of wide observation, reading and experienee, among normal 
as well as abnormal conditions, but unless tempered by judgment, right 
conclusions are not assured. 

The prototype for each teacher and physician is the ideal ehild, 
a composite picture of normal children, and can not be formed too care- 
fully by a thorough interpretation of all data at command. Next to 
the ideal child the teacher should ereet for himself standards with 
permissible variants. In America we must not limit our attention to 
children of pure Anglo-Saxon stock, but hold in view the many other 
racial charaeteristies with which we are likely to come in contact. 
There are crosses of the Latin, Celt, Slav, German, Hebrew and other 
white races; also the hybrids of red, yellow and black raees. These 
modifications exhibit laws of their own, as yet by no means clear, but 
deeply significant. Inheritance of tendencies is reeognized as a poten- 
tial factor. Predisposition to physieal and moral derangement is an 
obvious factor, admittedly foreeful for harm. 

Difficulties of differentiation are many enough among children 
normal in structure, in neural balance and in mind, but these grow 
greater where constitutional variations or deviations are present. Hence 
it is desirable to weigh variants in type, sueh as peeuliar and exeep- 
tional children. The normal processes are profoundly modified bv 
peculiarities of temperament due to inheritance or acquired. E. W. 
Bohannon in a statistical study of over 1,000 children (Pediatrie Semi- 
nary, Oct., 1894) covers the ground sufficiently to warrant using his 
elassifieation. The psyehic factor demands deeper attention in peda- 
gogies than ordinarily obtains. 

Bohannon formulates certain types of mental and physical eon- 
formation: 

These types are the heavy. the tall, the stont, the small, the strong, the 
weak, the deft, the agile, the clumsy, the beautiful, the ugly, the deformed, those 
with birth marks, the keen and the mentally preeocious, those with defects of 
sense organs or mind, the nervous, the clean, the dainty, the dirty, the dis- 
orderly, the teasing, the buoyant. butfoons, the eruel. the selfish, the generous, 
the sympathetic, those with imagination, the liar, the ill-tempered, the silent, 
the dignified, the frank, the loquacious, the inquisitive, the courageous, the 
timid. the whining, the spoiled, the gluttonous, and ‘the only child in a family.’ 

Many of these tvpes cross: several are liable to include similar 
features, constituting composites of the types, making the study some- 
what complicated if carried to legitimate conclusions. 
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A review of Bohannon’s findings and conclusions from the observa- 
tion of this large group reveals much of practical interest. As to gen- 
eral health and mental ability there appears good reason for believing 
that the larger children, except the extremes, are superior to others. 
But it must not be forgotten that there are pathologic cases in this 
group, especially in those showing marked departures from the average. 
Those who suggest too early maturity are generally even-tempered. 

Small children evidence delayed development. The less vigorous 
show degenerative phenomena, many are delicate, ugly, deformed, or 
vicious, dull, mean or spiteful, and tend toward morbidity. The strong 
children, while exhibiting many admirable qualities, are likely to be 
aggressive, harsh, coarse, rough. More is expected of them, hence they 
are often early exhausted by compulsory work; their offenses are the 
result of excessive, often explosive, energy. The weakly children are 
likely to show pronounced evidence of degeneracy, often they are ugly 
and deformed, cruel and mentally deficient. Inheritance was not so 
frequently recognized a cause as parental follies, especially during the 
embryonal period. Temperamentally they are usually unfortunate. 

The deft and agile show better health, yet are undersized. Clumsi- 
ness is found due to two causes; first, want of development of the 
mechanisms which function the accessory movements; and second, ex- 
cessive inhibition of the same, along with lack of emotional balance. 
Ugliness is usually accompanied by many evidences of degeneration, 
physical and mental; in the deformed these deviations are even more 
decidedly present. Deformities are largely (ipso facto) manifestations 
of deviation, defects of central development exhibiting anatomic and 
physiologic faults, some of whieh are remediable. Under good care 
many of these improve greatly, some becoming distinguished adults. 
They are found to be treated by parents and associates with amazing 
lack of consideration, hence they suffer temperamentally. 

Among those showing defects in mind. sense organs and speech, 
there is much to indicate a general decline. They are morbidly retiring. 
dependent. and lacking in symmetrical development, due in part to 
original defects and deficiencies in normal stimulus. 

Those children grouped as ‘nervous’ exhibit delicacy and insta- 
bility of constitution, are deficient in size and vigor, are timid, sensitive 
and changeful, disposed to be irritable and meddlesome, defective in 
control, hence untruthful. The extremely over dainty and the distinctly 
dirty, each excite suspicion of mental abnormalities. Buoyancy and 
teasing both indicate excess of energy: so also of cruelty, but here 
ancestral traits seem manifested. 

Lying and imaginativeness are allied, and point to lack of self- 
control or to selfish imitation; the associated traits are disobedience, 
ill-temper, thieving and bad health. Those who are peevish, untruthful, 
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discontented, are usually of delicate make and evince instability and 
poor vitality. Those who are loquacious, voluble and inquisitive lack 
inhibition or control. 

Courageous children are usually healthy and strong in mind and 
body. 'Timidity has a physical basis, but may be acquired from bad 
environment, habitual discouragement. ‘The ‘ only child in the family’ 
in 66 per cent. shows disadvantageous traits; they are usually of poor 
health, lacking much of normality, both mental and physical. The 
‘youngest child,” the ‘only boy’ or the ‘only girl’ often displays 
many striking resemblances to the ‘ only child.’ ? 

Classification of grades of mental deviation is only important 
for purposes of teaching. Types of mind there arc, and they must be 
fully appreciated that individuals may secure the right kind of in- 
fluence and training. Degrees and qualities of mentality are even more 
important, because by this means we may know where to place the 
individual, how much control to insist upon, how much compulsion to 
exert on the parents. T'ypes of all the adolescent insanities merge 
into each other. Those who have the charge of young children may 
have no need of psychiatric training. but they do need to employ a com- 
mon-sense recognition of abnormalities, deviations, obliquities, patent 
enough to the intelligent observer. Children of pronounced dominant 
impulses may exhibit at times self-will, naughtiness, ill temper, even 
exuberant imagination to the point of mendacity, buoyancy or apathy 
in changing moods, and yet become wholesome admirable citizens. 
Distinct and continued nervousness, fretfulness, timidity, brooding, 
causeless variations in moods, cruelty, vengefulness, should put us on 
our guard and warrant suspicion of deep-seated perturbations fore- 
shadowing psychoses. 

Edueational methods are still defective in manv particulars. Tra- 
dition holds us in a powerful grasp. In the public, and in most 
private schools, the course of study is analogous and aims to meet the 
supposed needs of the child of average intelligence. This would be 
well enough if certain fundamental truths were recognized by both 
school boards and parents. Custom has ereated a public opinion from 
which it is difficult to appeal. For instance, it is a fact that all chil- 
dren develop on some lines more rapidly than on others, in differing 
degrees of rapidity. In one there may be exhibited early motor apti- 
tudes with late intellectual capacities. In another the reverse, yet at 
a certain age they may be to all intents equal. One child may acquire 
language, grammar, and the elements of literature early, with a late 
grasp of numbers, arithmetic, the natural sciences. Another may 
reverse this, and yet at a given time these two may be on a par. It 
will be plain that to get the best results due allowances should be made 


See article by the author, Brit. Jour. Childrens’ Diseases, January, 1905. 
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for these variants. In some schools full cognizance is taken of these 
normal peculiarities. Economy, however, demands that all children 
of about a certain ‘grade’ shall pursue a ‘systematic course. The 
product is not what it should be. 

The personal influence of the teacher is recognized increasingly. In 
some of our colleges a plan of subdividing the classes into small 
groups and placing them under tutors has been found of largest value. 
(At Princeton University a modified Oxford tutorial system was first 
initiated with excellent effect by Woodrow Wilson. This is now 
adopted by several other colleges.) 

Indeed valuable horses and dogs get more careful personal teaching 
than most children. Boys whom we characterize as ‘ difficult’ have 
become so largely by neglect or postponement of some important item 
of education. They have become warped, unsymmetrie, psychically 
and physically. The prevention is right education, so also is the cure. 
The first thing is to correct faults of misdirected impulse, the next is 
to teach the elemental principles of self-restraint, disentangling errors, 
illuminating doubts, always encouraging and leading to wholesome cus- 
tomary lines of action and thought. Endless difficulties would be pre- 
vented, boundless good would be afforded, if from the earliest teachers 
to the highest university professors there should be pursued some uni- 
form plan of notes or records on individual aptitudes, tastes, tendencies, 
capacities. Some teachers are endowed with instinctive capabilities for 
meeting unusual problems. Some also, the majority, are astonished 
and distressed, even annoved and resentful in the face of individual 
peculiarities, good or bad. No one should judge too soon whether the 
peculiarity be altogether good or bad. 

Errant impulses are by no means understood. Geniuses have ex- 
hibited strange individualisms. They are rare (geniuses), it is true, 
but how many times do well-meant efforts to suppress spots on the 
leopard, or to paint out the stripes on the tiger, fail to make of a well- 
bred wild eub a respectable tabby cat. The power of a nation resides 
in men of individual dominant personality. 

We want our boys and young men to have ample opportunity to 
evolve their own individualism. University curricula are now made 
increasingly liberal. Why should not the primary schools adopt similar 
principles? It is quite true a ‘system’ is desirable for the average 
boy, but a sliding seale ought to be within the reach of any one who is 
recognizably unfit to pursue the customary methods. 

Our ‘ difficult boys’ may be divided roughly into those who are 
provided with overmuch impulse or too little, the robust exuberant doer, 
or the torpid dreamer. It is obvious that each needs motor education, 
partly similar and partly diverse. The chief defect of our school sys- 
tem is the lack of opportunity for motor edueation. In country dis- 
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tricts where hoys acquire of necessity more of handicraftsmanship they 
need manual training less. Jn cities it is essential. 

The boy of mental peculiarities will not settle down to efficient work 
till he finds his own place, his level, range of action, and by his own 
initiative. ‘This discovery is always the outcome of a gradual evolu- 
tion; it should not be forced. From this secure position, once attained, 
he can fare forth satisfactorily and finally achieve his adult sphere of 
usefulness. That boy is fortunate who is content with his own province 
when discovered and does not invade that of another. Many a boy fitted 
to make an admirable and happy ranchman, soldier, sailor or farmer 
becomes a misfit self-detesting clergyman, physician or lawyer. His 
early advisers are generally to blame in compelling him to masquerade 
as a scholar, who was formed to be an excellent capable every-day man. 
Intelligence, capacity, is not to be measured by degrees so much as by 
qualities, aptitudes, characteristics. A first-class foreman in a factory 
may possess a far more symmetric intelligence, a clearer judgment, than 
the lopsided genins who invented the objects which he mannfactures. 

One of the surest criteria of capacity, at any level, is, according to 
M. W. Barr, the grasp, the quality of the grip of the hand. The grasp 
shows many things indicating the comprehensiveness of the mind. 
Certain minds can readily learn by doing, yet they grope feebly in pure 
intellectual effort. They reach an equally worthy goal if only they 
know their limits, stop at their own station, go to their own home. 
Over-stimulation in scholasticism is as hurtful as overtraining in track 
athletics; the staleness may pass into permanent mental impairment. 

Shyness, inertia, resentment of interference, timidity, gloom, in- 
dolence or stubbornness may indicate no essential defect, but may be 
due to awkwardness, defective coordination. The cure is kindly en- 
couragement, guidance in activities. development of unrecognized apti- 
tudes, praise, wholesome incentives. Many have litle tactile sense; 
this should be encouraged in all ways; it may finally come in fair 
measure and form the ground for conspicuous abilities by cooperation 
of other faculties long overshadowed. Barr quotes Buffon ‘how wonder- 
fully the senses are alike at bottom, how they supplement each other !° 

The limit of receptivity is often reached early. It is then wise to 
be content with careful training on a lower level in which excellent 
capacities can be attained. One man can become a thoroughly good 
soldier, to obey orders, to die at his post, to follow to the death, who 
never can lead a company, much less plan a campaign or sail a ship. 
The best captain is by no means necessarily a good oarsman or a gunner. 
Always it is essential to achieve even qualified success to begin special 
training as early as possible during the plastic stage. No good sailor 
can be made from an old farmer or an old professor of mathematics. 
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The most promising agency in eliminating the diffieulties which 
impair manhood in boys, future men, citizens, is the kindergarten, the 
principles of edueation outlined by Froebel. This aims at the highest 
idealization of life, largely through the play instinct. Whatever eriti- 
cisms are made on the kindergarten teaching can only hold against 
methods of appheation. So far these objections have to do chiefly 
with its lack of adjustability to established edueational methods, and 
will eease when the exponents of Froebel acquire greater breadth of 
knowledge, a clear appreciation of the practical needs of society. Our 
established methods of edneation leave muneh to be desired, but it will 
take time and thought to bring about a perfect system. Meanwhile it 
seems plain that the one means of both prevention and cure of difieult 
boys is to be found in a perfeet home. 

The ideal home, where two parents live with and for their children, 
where mutual helpfulness is fully afforded, where the fundamental 
impressions are given and recetved, is the greatest agency in primary 
education. Unfortunately this ideal home is made difficult of attain- 
ment beeause of a multitude of factors, especially in large cities by 
altered, artificial, perverted methods of living. The instinctive nat- 
ural helpfulness, so necessary to arouse the sense of individual respon- 
sibility. finds little opportunity for growth. Unless the boy is encour- 
aged to bear his part of the burden, to contribute his share to the body 
domestic, as in the primitive home, he ean not grow symmetrically, or 
become certain. exact, in his more robust impulses.  Instinets of re- 
sponsibility find small encouragement. 

To be sure, we ean not check the inevitable trend of modern indus- 
tries which aim by over-specialization to reduce the individual to the 
rating of an intelligent machine, whether in the lower or in the higher 
industries. If, however, we can sueceed in fostering the spirit of the 
home, in mplanting early, in the plastie childish brain cells. the ideali- 
ties, the desirabilities of home, much will then be aeecomplished. Ad- 
mitting that the conception of the home, once implanted, is foreeful 
for so wide an influence. let us waste less time in other directions and 
eoncentrate our efforts on erecting and preserving the ideal of the home. 
This the teaching of Froebel is capable of accomplishing. The con- 
cept of divided responsibility is constantly presented. Pictures of 
domesticity, object lessons in practical helpfulness, are parts of the 
course of instruction. Children taught on this prineiple will earry 
through their lives clear ideals of home. When they become parents 
these instinctive promptings, these deeply suggestive pictures. early 
implanted, will act as unerring guides to parenthood. 

The first thing a troublesome boy must learn is unquestioning 
obedience. In this way he may beeome a perfect intelligent maehine. 
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Not, however, if he run wild and lawless till manhood, or not then 
without endless pain and punishment can he learn his life lesson. All 
good in human beings comes from seizing and utilizing the period of 
receptivity to all manner of impressions, the formation of habits of 
obedience, of accurate response to orders, to the facilities of craftsman- 
ship. This is highest at birth and diminishes in a parabolic curve. 

The boy physically strong, but intellectually weak, should not be 
judged by the same standards as the one physically weak but intelli- 
gently keen. Each will tire in his line of defects before the comple- 
mental capability has time to assert its potency. Neither should he 
hastily be judged inferior, because within his sphere he may be worthy 
of confidence and equally useful. Barr thinks that the stimulus of 
music is equal to that from books. The ever-present sensitiveness to 
disharmonies is developed by rhythmic sounds as well as by military 
drill. As energies are developed they can be specialized, directed into 
suitable channels, to varying applications, if not falsely forced, only 
wisely encouraged. 

The problem of educating the tumultuous, cifervescent or exasper- 
ating boy is usually solved by the military school. The enforcement 
of implicit obedience, the sharing of responsibilities by boys acting as 
petty officers and many other features constitute satisfactory methods, 
in the main sufficient. They often lack something essential. Sol- 
dierly qualities in the teachers may be absent, they being not themselves 
adequately trained for their accidental rdle. Again the routine of an 
ordinary school, constructed on military lines, even those of govern- 
mental foundation, often fails, because the industrial feature is absent, 
the only relaxations being leisure, or the ordinary athletic games. 

Probably the best means of making clear the ideal methods, so far 
as we can adduce them, is to cite the course of training at a school 
where the best results are attained; where the boys, all difficult prob- 
Jems, yet become developed into, not only useful citizens, with rarest 
exceptions, but some of them achieve high qualities although their 
early status was desperately bad. The one in my mind is the Glen Mills 
School, Pa., originally the House of Refuge for Philadelphia. The 
boys are only admitted when committed by the law after perpetrating 
overt acts. Every one is of the most difficult kind. The special fea- 
tures of the Glen Mills School are the paternal, intellectual, agricul- 
tural, industrial and military. Other schools there may be conceived 
on a similar system, but I am: safe in claiming that nowhere are these 
features in all branches so consistently and thoroughly carried to a 
legitimate issue. None achieve such uniformly satisfactory results. 
One item of equipment is superior, a magnificent gymnasium, the gift 
of Mr. Alfred Harrison. Here the boys enjoy every opportunity of a 
gyimnasitun, a drill hall, indoor games, basketball, preliminary baseball 
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and football, etc., and a splendid swimming tank; all under expert 
instruction. The one element of industrial training impresses me as 
the most important of all. The boys make all their shoes, clothes and 
many other essential articles for home consumption; all furniture 
needed or desired. They decorate in highly artistic fashion all walls 
for esthetic and sanitary reasons and add to buildings, as the two new 
wings of the schoolhouse built last year show. Agricultural instruction 
is not only the best form of physical training, but a constant source of 
object lessons, the wholesome means of correction and moral stimula- 
tion. ‘The week’s work is divided judiciously between these various 
industries, and always, daily, certain portions of scholastic instruction, 
military routine, drills, ete. The scholars live and sleep and eat in 
houses presided over by the teachers and their families, securing the 
paternal influences. 

In conclusion let me urge all those who are charged with the care 
of a difficult boy to be openminded at all times; to be prepared to 
modify the original concept, the carlier estimate; to read him in the 
lights revealed along the way. Above all things exercise toward him 
companionability ; encourage confidences, especially as to hopes, ambi- 
tions, views on hfe. Be quick to see the good, the forceful, qualities 
and help the spontaneous exercise of these. Above all never be betrayed 
into forcing on such a boy plans of action contrary to his bent, his 
tendencies. Let him evolve a course of action, help him to perfect it, 
be it large or small. The small may become elaborated, the large may 
need modification. When the course is chosen, emphasize, praise, en- 
courage spontaneity. Always leave the door open to a return to you 
for renewals of stimulus; encourage the appeal to you for judgment, 
for wisdom, 
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GENIUS 


By Dr. ROBERT MORRIS OGDEN 


UNIVERSITY OF TENNESSEE 


ONSIDERED genetically, intellectual and physical functionings 
oppose one another. The business of organisms is to act. And 
action means primarily a direct response to stimuli. It is only as the 
organism grows complex and there is opportunity for more than one 
reaction to a given stimulus that there comes about a retardation in- 
volving an inhibition of action. And this retardation is filled out with 
weak reflections of the nerve paths which are being stimulated, i e., 
with thought. Thought, then, comes at the expense of the organism’s 
natural functionings. Thought brings bodily inertia. Were there no 
thought, we should be mere reflex organisms. Health is conditioned 
by physical acts and the healthful rest of the organism is accompanied 
by sleep. 
Now all this means that we who think are m a sense artificial folk. 
We are transcending nature in a way 


at least in comparison with 
the great mass of antmal life which has a more or less reflex existence. 
Still we have our compensations. We are hnowing beings, having two 
sides to our natures, a physical and an intellectual. We can react on 
a given presentation in two ways, either intuitively in accordance with 
our natural physical bias, or logically in accordance with our more 
artificially developed reason. 

It is no mere matter of hyper-intellectualism which leads us in our 
genesis from the first to the second of these modes of reaction, but a 
matter of increasing complexity of the organism making simple in- 
tuitive reaction more and more impossible. Therefore, as a general 
proposition, this development is nothing we can or wish to strive for or 
against. We simply have to accept it as it is. 

Yet, turning to the study of individual man, we find great diversity 
of mental bias and disposition. The happiest and healthiest of men 
is doubtless he who lives an active life out in the fresh air and amid 
pleasant natural surroundings. His physical bias is strongly devel- 
oped and affords a ready and never-failing intuitive force for good 
and health. His mental outlook is clear if not profound. He takes 
things as they are and, unless accident befall him to disturb his habitual 
methods of functioning, he is able to mect the various situations of life 
with positive equanimity. 
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On the other hand, he who by reason of physical inefficiency or en- 
vironmental conditions spends his life in inhibiting physical action, 
finds a substitute for action in thought. 

The intellectual life has two main attitudes: active reasoning and 
esthetic contemplation. Though these two complement one another, 
we find them variously accented in different individuals. The scholar 
leads, in the main, an intellectual life, yet the esthetic complement 
to his nature may be very slightly developed. His reasoning processes 
have the aim of clucidating and, therefore, of bringing peace of mind 
with respect to some phase of life. But his pleasure is more largely 
in the business of thinking, in the solving of his concrete problem, than 
it is in the contemplation of a complete result such as characterizes the 
esthetic attitude. The true artist has his esthetic ideal always before 
him. His function is to express this ideal as a complete and con- 
formable whole. Whether his work be of head or of hand, it is always 
informed by such an ideal and the artist’s genius rests all in his ability 
to give adequate expression to this ideal. 

Each of us has these esthetic ideals in some degree, but only a few 
of us attempt to express them. We seek, rather, an expression for 
them in the work of another and, finding it, we obtain esthetic pleasure 
in the contemplation. But he whose ideas become crystallized to such 
an extent that he can objectify them and give them expression in a 
picture, a drama or a symphony, he has a peculiar talent which the 
rest of us, however esthetically appreciative we may be, do not possess. 

The genius must possess a certain technical skill to enable him to 
express himself objectively, and he must also be so imbued with the 
force of his ideas that he is, in a sense, impelled to give them such 
expression. This necessity of artistic expression is one of the factors 
of his esthetic nature. A demand is felt to realize a certain ideal, to 
give it a clear objective expression such as must always be lacking so 
long as it remains clothed only in the vague imagery of the mind. The 
hack author, painter or musician may make a mere business of his 
talent. In so far as he does this his work must be of low merit as art. 
It is foreed rather than spontaneous. It caters to an audience instead 
of being a natural expression of his own ideas. 

There is something very intimate about true art. It always ex- 
presses the man behind it and, im the last analvsis, its merit is a token 
of the character and mental bigness of the artist. Those who have 
no clear and definite ideas, but busy themselves with vague intentions, 
only reflect in their works the unrest of hyper-sensitive natures. We, 
their audience, may recognize and sympathize with their unhappy 
states and, indeed, derive a certain esthetic enjoyment from their ex- 
pression, but it remains for the man able to give a positive impetus to 
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his work to be termed a genius; one possessing a certain sublimity of 
purpose and accent which brings his work into touch with the eternal. 

As to the artist’s technique or means of expression, it must always 
take a place subordinate to the idea. The idea is always the motive 
power, the dominant force. So soon as the artist’s interest lapses into 
an active pleasure in his work as such, he loses sight of his aim. And 
this shows quite conclusively that no amount of skill and special train- 
ing in expression ever makes an artist and, indeed, explains the artistic 
puerility of so much work produced by men of splendid technical 
equipment. The pernicious influence of the ‘academic’ training is 
due to just this, that the artist is led to see the value of his work in 
such beautiful lines and relationships of form and color as all can 
imitate, rather than in an individual idea clamoring for artistic ex- 
pression. ‘Thus it is that much of our greatest work is expressed in 
crude, unfinished form, at times by men who apparently knew not how 
to express themselves completely or, at least, would not; for example, 
Rodin, Michelangelo, Manet, Whitman and Richard Strauss. Yet 
the force and dominance of their esthetic ideas justify and lend a 
value to their work higher than that of any faultless academician faith- 
ful to his classic traditions. 

The true genius never learns his art. It is intuitive with hun. 
There is but one way of expressing a great thought adequately and 
that is naturally, therefore intuitively. So soon as the artist begins 
to reason as to how he shall express himself, he loses sight of that which 
he has to express. JLis process is no longer an esthetic one, but be- 
comes a practical one. Except to introduce a person into the realm 
of art, to teach him some of its manifold possibilities, art training is 
a thing of doubtful value. In so far as it attempts to substitute rules 
and methods for one’s natural intuitive ways it is positively detrimental. 
The artist must be first and foremost an individual; without individ- 
uality he certainly can never be termed a genius. Still, if he can not 
be taught as one is taught a trade, he can be taught clearness of thought 
and perception, and this should be the true function of his training. 

When we interpret things too much in the light of our knowledge 
concerning their objective natures, we usually interpret them wrongly. 
It is only when we understand them subjectively as ‘ experience’ as weil 
as objectively that we know how to represent them adequately. The 
best means of expression is the intuitive and natural, but a true psycho- 
logical knowledge may aid one’s expression when too much experience 
and reasoning has interfered with one’s natural intuitive bias. 

We find, then, that our true artist is a person of esthetic ideas plus 
an ability to express them adequately. Now, what are the consequences 
of this mode of mentality on the life of the man? 
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We have noted the artificiality of intellectualism as compared with 
naturalism. There is something even more absorbingly intellectual 
in the artistie mode of life than in the scholarly, for in the latter one 
is occupied with a process more or less limited in scope, whereas the 
artist is always striving to represent a complete ideal. The effect of 
this on the artist’s active life depends largely on his natural propensities. 
Esthetic contemplation has evolved genetically out of sensationalism, 
and it is doubtless the sensual factor in his nature which leads to 
most, if not all, his pathological tendencies. 

Moral and utilitarian ideas can scaree be other than healthy when 
viewed either from an esthetic or a practical view-point. Sensualism, 
however, is decadence. The effort of the individual to give free ex- 
pression to his senses is always met with failure. Having risen above 
our mere sense natures into the realm of intellect, it is now impossible 
to revert to them. The clear, happy, unaffected, hedonistic lives of the 
Greeks are no more possible in these days of modern artifice. There- 
fore, he who turns to the senses for a true expression of his nature 
finds his effort clogged with all manner of false and related concepts 
which his experience with society has thrust upon him. There is no 
way to live ‘naturally’ in our day. 

What, then, is the fate of him who attempts it? Taking all things 
in life to be natural expressions and being interested more in the states 
of body and mind than in any particular results to body or mind, this 
person is led to seek peculiar complexes of sensation, pecuhar situa- 
tions, bizarre effects, all which it may be a pretty esthetic problem to 
justify and subliimate. But the taste thus cultivated always craves 
something new and the attitude ceases soon to be one of esthetic intent 
and becomes instead one of low sensual desire. Contemplation is sup- 
planted by desire, which now becomes the dominant note. Habits of 
passion develop and grow until both body and mind are ravaged by 
their deleterious effects. This is the real significance of decadence and 
it demonstrates, too, how works of art produced under such influences 
must fail in their universal import. 

There is no denying that the genius in art is pecuharly exposed to 
these affections. The very inertia of his type of mind produces a 
species of hyperesthesia which, unless properly subordinated by a strong 
and forceful physical and mental nature, often leads to his downfall. 
We have so many instances where drugs, alcohol and other harmful 
habits have destroyed both body and mind of a bright genius, the 
factor is certainly one which can not be overlooked. Yet a positive 
element in his character may suflice to save hun from this fate. So 
long as the individual asserts himself sufficiently to justify all his acts 
in the light of all his knowledge, bringing everything into connection 
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with everything else without losing himself in a mesh of particulars, 
there is not much danger of degeneracy. Even an occasional lapse 
may find adequate place and absolution in such a character. 

But so soon as such lapses from the physical and social order be- 
come dominant notes in one’s life, either as things which one con- 
stantly deplores, or as things which one vaunts and praises, then the 
individual is shocked and begins to lose his positive force in society. 

The genius may be as healthy and normal as another man; yet 
many indeed there are who have produced true works of genius only 
to succumb afterwards before their ruling passions. As a mode of 
life that of the artist is hardly to be commended. It is an artifice, an 
excrescence. It leads to too much objectifying and too little practise. 
Few individuals can stand this. 

On the other hand, the true artist in an ideal sense is at the same 
time the true man. For he should be strong both of body and of 
mind, with a wide experience and a deep insight, with an understand- 
ing so broad that nothing is foreign to him, yet in whom nothing 
dominates so as to protrude beyond its proper setting. Such a man is, 
indeed, inspired with intuitive insight, but he is rare, even impossible. 
Yet there have been those who possessed this attitude in all its com- 
pleteness for a time, and while under its influence they have produced 
undying works. ‘These are the men to whom we commonly attribute 
genius. The usual critical mistake in dealing with such personages 
is either to attempt to make their complete lives perfectly consistent 
with these higher moments, or else by pointing out their weaknesses 
to decry even their greatest works. Needless to say there is neither 
sense nor use in either method. 

The strength of the genius is only the strength of the ordinary 
man slightly intensified; the weakness of the genius is just the weak- 
ness of the ordinary man, but more conspicuous by contrast. Psycho- 
logically it is not at all incomprehensible to conceive a man of alternate 
high and low moments, alternate strength and weakness. It would be 
well-nigh inconceivable that a man should he always the one or the other. 

If consistenev of character is less marked in the genius than in the 
ordinary man, it is this which constitutes his uniqueness among men 
and may even at times determine his genius. The genius is more than 
apt to be a poor citizen, yet we can tolerate him for his work and 
because his kind is exceptional and few in number. If we would 
understand his nature and his art we must study his life in detail, 
unbiased and with broad understanding, for we are dealing with one who 
runs the gamut of emotions in order that he may sublimate them all. 
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THE BIRTH OF THE IDEA OF SPIRIT IN GREEK 
THOUGHT 


BY PRESIDENT MARY MILLS PATRICK, PH.D. 


THE AMERICAN COLLEGE FOR GIRLS, CONSTANTINOPLE 


HE ideal side of life came into Greek consciousness on the eastern 

shore of the blue Mediterranean, under the shadow of Mt. Ida, 

in sunny Ionia with its fertile plains and luxuriant verdure and its 
rich and brillant cities. 

The poets were its forerunners, Homer, Alkaeus, Sappho and Anak- 
reon. First there were the wandering poets, and then a school of 
poetry arose in the many tinted isle of Mitylene with Sappho at its 
head at the end of the seventh century, a school which was compared 
in antiquity to the circle of Sokrates. Schools of philosophy followed 
in Miletos, that hot-house of intellect, and later on in Ephesos, where 
Sappho and Herakleitos were born. We do not know whether these 
schools were organized Thiasai, dedicated to the goddesses like the 
school of Pythagoras in southern Italy and the Greek schools of philos- 
ophy of a later age, but it may well have been so, for in Jonia as in 
Greece there was a ‘shrine at every turn of the mountain path, and a 
religious ceremony for every act of daily life.’ 

On the southern shore of the Gulf of Smyrna, opposite the river 
Hermus, with Mitylene in the distance across the sea, was the city of 
Klazomenai, the modern Voorla. There Anaxagoras was born, who 
was the first among the Greeks to evolve the idea of spirit as a philo- 
sophical principle. Yet like all great ideas, this one, perhaps the 
greatest, Was vague and uncertain in its first appearance. Anaxagoras 
belonged to the school of Anaximenes of Miletos. Miletos lay only a 
few miles south of Klazomenai on the shore of another picturesque 
gulf of the eastern Mediterranean, and from the time of Thales it had 
been a center of philosophie thought. 'Theophrastos states that Anaxa- 
goras was an ‘associate of the philosophy of Anaxitmenes,’ but these 
two great thinkers were not contemporary, as Anaximenes died in 
520 B.c., two deeades before the birth of Anaxagoras. The connection 
between them lay especially im a love of sctentifie research, and in 
similar methods of explanation of astronomical and cosmologieal facts. 
Anaxagoras lived in Tonia until he was abont forty years of age, and 
he attained great fame in his own conntry during the last ten vears of 
his residence there, gaining a reputation for depth of thought and 
integrity of life. and slowly evolving his theory of the universe. 

The Yonian philosophers were monists and materialists. They 
sought a fundamental] substance. water, air or fire, or some other form 
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of matter, as the reality of life. In the language of the early Greeks 
we find the words soul and spirit synonymous with breath, and while 
the Greeks had the practical idea of the soul as the active power in 
being, they conceived of it as a thinner, finer form of matter. For 
example, Anaximenes speaks of air as being the breath of life. These 
old fonian thinkers were not materialists, however, in quite the modern 
sense, which explains spirit as a function of matter, but they held 
rather the childlike idea that spirit is a purer, higher form of matter, 
for matter with them was the eternal existing something. It was not 
created, neither did the gods of Grecian mythology give it its form, 
for the gods had very little to do with the inner life of the Ionian 
thinkers in their efforts to find a natural cause for all phenomena. 

Anaxagoras did not have very much difficulty in formulating a 
cosmic theory which suited him, that is, in making ‘cosmos out of 
chaos.’ His method of working was reasonably scientific. but the re- 
sults of his theory in regard to the origin of things around him were 
Indicrously childish and impossible, and were not of especial service 
to Greek thought except as they led up to his one great idea. We will 
give in a few words the substance of his world theory. Herakleitos, 
the philosopher of the flux, had founded his cosmos upon constant 
change, or becoming. Anaxagoras repudiated the idea of change; 
absolute change was impossible. “The Hellenes,” he said, “are 
wrong in using the expressions ‘coming into being’ and ‘ perishing,’ 
for nothing comes into being or perishes, but there is mixture and 
separation of things that are.” Chemical change he had never thought 
about; therefore, things must always have been what they are now. 
All objects. organie or inorganic, in which respect he made no distine- 
tion, as bone, flesh or gold, for example, had existed from eternity in 
the same form in small particles. The apparently simple substances, 
like air, fire, earth and water, are really the most complex, because they 
contain the greatest number of these particles. In the beginning this 
infinite number of small particles was in the form of chaos. In chaos 
a wonderfully rapid whirling motion started, and like particles joined 
with like until objects as we know them, including all forms of animal 
life, came into existence. Aristophanes, in his ‘clouds,’ ridicules 
Anaxagoras’s idea of the whirl with pungent wit, for he represents one 
of his characters as saying that Zeus is no longer the leading god, but 
‘whirl’ has taken his place. 

Anaxagoras, however, was not as illogical in regard to the origin 
of motion as he had been regarding the construction of matter. He 
knew that motion could not start of itself. The origin of motion was 
the problem which his contemporaries were solving in different ways, 
according to their trend of thought, Empedokles with his love and 
hate, or pronitive form of chemical affinity, and Leukippos with atoms 
in a yacunn, the heaviest falling faster and uniting. Neither of these 
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theories, however, seemed satisfactory to Anaxagoras. How then could 
he start the whirl in chaos? Long years of meditation were doubtless 
necessary before he evolved his great idea, which revealed a dim under- 
standing of the power of reason in the origin of being. ‘To start a 
whirl he must have an outside something, and if reason is the strongest 
element of human power, why should there not be some form of reason 
which is independent of matter and able to originate the whirl in chaos, 
and then to retire from the scene of action and return to the separate 
and lonely existence of its unknown past? Thus was born the idea of 
the Nous. The Nous is half spirit and half matter, as yet a vague 
foree, the beginning of a conception of the thinking element in the 
universe. There is only one fragment preserved from the sayings of 
Anaxagoras which would imply a kind of personality in the Nous, in 
which he speaks of its having knowledge of the past, present and 
future. In general, however, we find that Anaxagoras’s understanding 
of the Nous was rather that of a kind of matter, a thinking essence, 
the lightest of all things, a semi-material force. 

When Anaxagoras was forty years old, having partially at least 
formulated his world theory, he went to Athens, the first philosopher 
to live there. Athens was then in the dawn of its brightest day. 
Perikles was coming into power, and his mind was seething with all 
the possibilities which the development of the Athenian democracy 
provided, and he was ripe for the strongest idealistie teaching of his 
age. Anaxagoras’s migration to Athens has sometimes been attributed 
to Aspasia, who, herself from Miletos, would be desirous of bringing 
to Athens as much as possible of the briluancy and culture of Ionia. 
There are chronological difficulties, however, against this supposition, 
as Aspasia must have been too young at that time to have gained influ- 
ence over Athenian society; in fact. it may be quite possible, on the 
contrary. that Anaxagoras was himself the cause of Aspasia’s going to 
Athens. Perikles, in his desire for the best for his beautiful Athens, 
very probably himself invited Anaxagoras from Ionia to Greece. 

Anaxagoras’s influence over Perikles was strong, and from the con- 
genial counsels of these two great men was brought forth a wonderful 
atmosphere of love of freedom and reign of reason in Athens. We can 
picture Athens as she was in the beginning of Perikles’s power from 
the exeavations of Dr. Dérpfeld, president of the German School of 
Archeology in Athens, begun in 1891, on the northwest side of the 
Akropolis—a primitive town with small, insignificant houses and nar- 
row strects—and it was during the three decades of Anaxagoras’s life 
in Athens that the marvelous changes there were produced by Perikles. 
Eager pursuit of knowledge and art arose. Astronomy was influencing 
the reckoning of time. A new Athens was building with straight, broad 
streets and graceful columns. Musie and gymnastics were being made 
prominent. and on the Akropolis was beginning to blossom the highest 
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expression of beauty ever made by the human race. In the latter part 
of this period books, also, were in common use, although not as 
yet very numerous. Peisistratos had founded a library for those who 
apphed themselves to letters, which had passed through various vicissi- 
tudes, and the Athenians had increased it with a great deal of care. 
To the stock of books in existence at that time Anaxagoras made an 
important addition. His book did not have an original title, being 
called aépe guagys, or ‘On Nature,’ like many other productions of 
Tonian philosophers, but his ideas were original, and it was the first 
book to be illustrated by diagrams, with the exception of geometrical 
writings. In Plato's time the book was on sale for a drachma, although 
it is said to have consisted of several volumes. Probably the volumes 
may have been rather what we should call chapters. This book, alas, 
is no longer in existence, although we possess important fragments of 
it, mostly found m Simplicius’s commentary on Aristotle’s physics, 
which was written in the sixth century, at which time a copy of the 
book was to be had. 

Let us now consider some strange phenomena in connection with 
the first appearance of the idea of spirit in Greek philosophy. Anax- 
agoras himself had the characteristics of the idealist, but his world 
theory and the general trend of his studies were closely alhed with the 
teachings of his materialistic predecessors in Ionia. He could not 
wholly escape from his age. When Sokrates heard of Anaxagoras’s 
Sook he was delighted that some one had attributed the universe to an 
all-pervading spirit, and immediately sent for the book; but he was 
‘greatly disappointed on reading it, as he did not find there the idealism 
for which he had sought. Anaxagoras belonged not to the age of 
‘Sokrates, although he was partly contemporary with him, but he be- 
longed wholly to the Ionian school of mathematical astronomy. The 
thought of Anaxagoras was scientific rather than philosophic, and his 
book was devoted to scientific. mathematical explanations of cosimog- 
yaphy and astronomy. ‘The Nous was not to him the all-important 
part, but only a necessary cause for the beginning of motion—a sec- 
ondary first cause, so to speak. Yet the idea of the Nous was sufficient 
to introduce rationalism into Greece, for it was the first presentation 
of an existing rational force wholly distinct from matter. Anaxagoras 
was bent upon scientific discovery, and the important things in his 
mind were his method and his original theory of matter. Tow often 
it happens that what seems secondary to a great man proves after all 
his most far-reaching service to the world. As, for example, with 
Plato his philosophy was secondary in his own mind to his ideas of 
political reform, and, while it is trne that the latter have been much 
regarded, yet the former have revolutionized all philosophic thought. 
Anaxagoras’s rationalism did not enable bim to produce a rational 
theory of matter, yet it rationalized all his thought and was a stepping- 
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stone between the earlier study of nature and the later study of man. 
Indeed, is rationalism affected Greece through his followers, who 
were Perikles, Euripides and Vhukydides. It is probable, also, that 
Themistokles studied with him at some period, perhaps when Anax- 
agoras was still in Asia Minor during the time of Themistokles’s 
ostracism. 

The introduction of the Nous into Greek thought changed the basis 
upon which rested the accepted opinions of the multitude. We see this 
first of all in the necessary metamorphosis of religious beliefs which 
began in the age of Perikles. 

The first strong point of influence on the part of Anaxagoras in 
revolutionizing thought was in his astronomy, which was suthciently 
developed to enable him to give a comparatively correet explanation 
of eclipses and other astronomical phenomena. It was a part of the 
creed of the age that the heavenly bodies were gods, and even in the 
time of Plato it was considered a crime not to behteve in the godhead 
of the sun and moon. Anaxagoras asserted that the sun was not 
Helios, the god, but a mass of ignited stone as large as, or larger than, 
the Peloponnesns. He even tried to explain how it became ignited. 
Ife attempted to reduce all meteorological and elemental phenomena 
to law, and although some of the laws were wrong, yet the idea of law 
as a force in nature controlling phenomena was a rationalizing power 
that we can hardly compute, for according to the belief of the multi- 
tude, the gods interfered to produce these phenomena. Anaxagoras 
has left no writings, to our knowledge, directly on religion. The Nous 
even does not seem to have been a god, but rather a force; vet by intro- 
ducing laws to control the outward phenomena of the universe, by one 
fell stroke he destroved the deepest-seated religious ideas of those 
around him. The lightning blast that Zeus produced from Mt. 
Olympus by shaking his wgis, was aecounted for sacrilegiously by 
Anaxagoras. The rain, the storm and the seasons the people regarded 
as the work of Zeus; and Anaxagoras in explaining them according to 
natural laws seemed to threaten the foundation of their religion. The 
world had been the plaything of the gods. It was now the work of a 
rational principle. Anaxagoras separated the gods from the procession 
of natural phenomena; but that he did not wish to destroy the rever- 
ence with which they were regarded is shown by the spirit in which the 
restoration and the enlargement of the Akropolis was undertaken, while 
his influence was still strong over Perikles. 

Science. too, was changed by Anaxagoras, not only beeause he did 
much toward reducing to order and formulating the astronomical and 
cosmological theories of the time, but because he made law the basis 
of scientifie research, and sought to find the uniformity of law im the 
phenomena of nature. He received a strong incentive to rational study 
of science in his young manhood when he had the opportunity of yisit- 
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ing a large meteoric stone which fell near the Aegospotamos River, on 
the northern shore of the Hellespont. Who can tell what his thoughts 
were then, as he perceived with his own eyes the material character of 
this messenger from the heavenly bodies, the so-called gods? 

The influence of the idea of the Nous on the political life of Athens 
can not be estimated. Perikles was a political idealist, bent on making 
the most of the intellectual ability of every Athenian citizen, and the 
close intimacy with a man like Anaxagoras probably accounts for much 
of the fineness of his work and his freedom from the superstitions of 
his age. The ruins of the Akropolis of Athens at the present time show 
us something of what his idealism did for art. Anaxagoras taught that 
the Nous exists in all things in a greater or less degree, and the art of 
his age, the highest that the world has known, expresses to a degree 
never before attained the psychical basis of beauty. 

Anaxagoras’s service to philosophy was, however, the greatest, al- 
though it has not been fully appreciated. For the first time the psy- 
chical element entered into philosophic research. The Nous had to be 
reckoned with, as well as matter so-called, and since then we have had 
different grades of world theories. some of which attribute to the psy- 
chical the whole of reality, like that of Plato, some the part, as with 
Aristotle, and some none at all, as with the materialists. With Anax- 
agoras was born the idea of spirit, yet in the vague and glimmering way 
in which all ideas come into existence, and the gratitude of the world 
for this idea has been given to Sokrates and Plato, who presented it in 
its fulness. Anaxagoras, therefore, does not rank as great among 
philosophers in popular opinion, because he was so soon overshadowed 
by those who completed his conception of the spiritual. 

When Perikles’s power began to wane and he could no longer protect 
his friend and teacher, the vengeance of the multitude whose gods had 
been attacked fell upon Anaxagoras. He was cast into prison, and 
saved with difficulty by his pupil, and exiled to Lampsacus, on the 
southern shore of the Hellespont. There he organized a school of 
philosophy, and the Anaxagoreans are referred to occasionally by later 
Greek philosophers, but the school was soon overshadowed hy the results 
of the age iminediately succeeding. When Anaxagoras was ill and 
likely to die, his friends in Lampsacus asked him what they could do 
in his memory, and he replied that he would be pleased to have the 
anniversary of his death kept as a holiday. and this custom was long 
observed. The people of Lampsacus also honored Anaxagoras after 
his death by erecting an altar to him, bearing on one side the word 
‘Nous’ and on the other the word ‘ Truth.’ 

The greatest tribute, however, to Anaxagoras was paid in the time 
of imperial Rome, a tribute of which he was not unworthy. An im- 
perial Roman coin was issued at Klazomenai, on the reverse of which 
was the philosopher Anaxagoras with the globe in his hand. 
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SCIENTIFIC ASPECTS OF LUTHER BURBANK’S WORK 


By VERNON L. KELLOGG 


PROFESSOR OF ENTOMOLOGY, STANFORD UNIVERSITY 


N R. BURBANN has so far not formulated any new or additional 

laws of species-change, nor do his observations and results 
justify any such formulation, and we may rest in the belief that he 
has no new fundamental laws to reveal. He has indeed the right to 
formulate, if he cares to, some valuable and significant special con- 
clusions touching certain already recognized evolution factors, in par- 
ticular, the influence on variability of the two long-known variation- 
producing factors of hybridization and modification of environment. 
His reliance on the marked imerease in variability to be got after 
a crossing m the second and third generations over that obvious 
in the first will come as a surprise to most men first getting acquainted 
with his work. He has got more starts for his new things from these 
generations than in any other way. He is wholly clear and convinced 
in his own mind as to the inheritance of acquired characters; ‘ acquired 
characters are inherited or I know nothing of plant life,’ he says; and 
also convinced that the only unit in organic nature is the individual, 
not the species; that the so-called species are wholly mutable and de- 
pendent for their apparent fixity solely on the length of time through 
which their so-called phyletic characters have been ontogenetically 
repeated. He does not agree at all with de Vries that mutations in 
plants occur only at certain periodic times in the history of the species, 
but rather that, if they occur at all. they do so whenever the special 
stimulus derived from unusual nutrition or general environment can 
be brought to bear on them. He finds in his breeding work no prepo- 
tency of either sex as such in inheritance, though any character or 
group of characters may be prepotent in either sex. Ie believes that 
no sharp line can be drawn between the fluctuating or so-called Dar- 
winian variations and those less usual, large, discontinuous ones called 
sports. Ordinary fluctuating variation goes on under ordinary condi- 
tions of nutrition, but with extraordinary environmental conditions 
come about extraordinary variation results, namely, discontinuous, sport 
or mutational variation. These variations are the effects of past en- 
vironment also, having remained latent until opportunity for their 
development occurs. Starvation causes reversions, but reversions can 
also be produced by unusually rich nutrition. New variations are de- 
veloped most often, as far as environmental influences go, by rich soil 
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and generally favorable conditions. So-called new qualities are usually, 
if not always (the fact may sometimes not be obvious), simply new 
combinations of old qualities, both latent and obvious. To get a new 
and pleasing odor it may often be sufficient simply to lose one bad ele- 
ment in an old odor. So one might go on for some pages with specific 
conclusions or deductions reached by Burbank on a basis of experience. 
But it is true that he has at his command the knowledge of no new 
fundamental seientific principles to give him advantage over us. And 
yet none of us has done what Burbank has been able to do, although 
many of us have tried. What then is it that Burbank brings to his 
work of modifying organisins swiftly and extremely and definitely that 
others do not? 

To answer this it will be advisable to analyze, in general terms, 
at least, the various processes which either singly, or in combinations of 
two or three, or all together, are used by Mr. Burbank in his work. 
We may roughly classify these processes and means. First, there is 
the importation from foreign countries, through many correspondents, 
of a host of various kinds of plants, some of economic value in their 
native land and some not, any of which grown under different condi- 
tions here may prove specially vigorous or prolifie or hardy, or show 
other desirable changes or new qualities. Among these importations 
are often special kinds particularly sought for by Burbank to use 
in his multiple hybridizations; kinds closely related to our native or 
to already eultivated races which, despite many worthless character- 
istics, may possess one or more particular, valuable ones needed to 
be added to a race already useful to make it more useful. Such an 
addition makes a new race. 

Second, the production of variations, abundant and extreme, by 
various methods, as (a) the growing under new and, usually, more 
favorable environment (food supply, water, temperature, light, space, 
cte.) of various wild or cultivated forms, and (b) by hybridizations 
between forms closely related, less closely related and, finally, as dis- 
similar as may be (not producing sterility), this hybridizing being 
often immensely compheated by multiplying crosses, ¢. e., the offspring 
from one cross being immediately crossed with a third form, and the 
offspring of this with still another form. and so on. These hybridiza- 
tions are made sometimes with very little reference to the actual useful 
or nou-useful characteristics of the crossed parents, with the primary 
intention of producing an unsettling or instability in the heredity, of 
eausing, ax Burbank sometimes says, ‘perturbations’ in the plants, 
so as to get just as wide and as large variation as possible. Other 
crosses are made, of course, in the deliberate attempt to blend, 
to mix, to add together, two desirable characteristics, each possessed by 
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only one of the crossed forms. Some crosses are made in the attempt 
to extinguish an undesirable characteristic. 

Third, there is always immediately following the unusual produc- 
tion of variations, the recognition of desirable modifications and the 
intelligent and effective selection of them, 7%. e., the saving of those 
plants to produce seed or euttings which show the desirable variations 
and the discarding of all the others. In Burbank’s gardens the few 
tenderly cared for little potted plants or carefully grafted seedlings 
represent the surviving fittest, and the great bonfires of scores of thou- 
sands of uprooted others, the unfit, in this close mimicry of Darwin and 
Spencer's struggle and survival in nature. 

It is precisely in this double process of the recognition and selection 
of desirable variations that Burbank’s genius comes into particular 
play. Right here he brings something to bear on his work that few 
other men have been able to do. It is the extraordinary keenness of 
perception, the delicacy of recognition of desirable variations in their 
(usually) small and to most men imperceptible beginnings. Is it 
a fragrance that is sought? To Burbank in a bed of hundreds of 
seedling walnuts scores of the odors of the plant kingdom are arising 
and mingling from the fresh green leaves, but cach, mind you, from 
a certain single seedling or perhaps from a similar pair or trio. But 
to me or to you, until the master prover points out two or three of 
the more dominant single odors, the impression on the olfactories is 
simply (or confusedly) that of one soft elusive fragrance of fresh green 
leaves. Similarly Burbank is a master at seeing, and a master at 
feeling. And besides he has his own unique knowledge of correlations. 
Does this plum seedling with its score of leaves on its thin stem have 
those leaves infinitesimally plumper, smoother or stronger, or with 
more even margins and stronger petiole or what not else, than any 
other among a thousand similar childish trees? Then it is saved, for 
it will bear a larger, or a sweeter, or a firmer sort of plum. or more 
plums than the others. So to the bonfires with the others and to the 
company of the elect with this ‘fittest? one. Now this recognition, 
this knowledge of correlations in plant structure, born of the exercise 
of a genius for perceiving through thirty vears of opportunity for 
testing and perfecting it, is perhaps the most important single thing 
which Burbank brings to his work that other men do not (at least 
in such unusual degree of reliability). Enormous industry, utter con- 
centration and single-mindedness, deftness in manipulation, fertility in 
practical resouree, has Burbank—and so have numerous other breeders 
and experimenters. But in his perception of variability in its form- 
ing, his recognition of its possibilities of outcome, and in his scien- 
tific knowledge of correlations, a knowledge that is real, for it is one 
that is relied on and built on, and is at the very foundation of his 


366 POPULAR SCIENCE MONTHLY 


success, Burbank has an advantage of true scientific character over his 
fellow workers, and in it he makes a genuine contribution to scientific 
knowledge of plant biology, albeit this knowledge is so far only proved 
to be attainable and to exist. It is not yet exposed in its details and 
may never be, however unselfish be the owner of it. For the going to 
oblivion of scientific data of an extent and value equivalent, I may 
estimate roughly, to those now issuing from any half dozen experi- 
mental laboratories of variation and heredity, is the erying regret of all 
evolution students acquainted with the situation. The recently as- 
sumed relations of Mr. Burbank to the Carnegie Institution are our 
present chief hope for at least a lessening of this loss. 

But let us follow our saved plum seedling. Have we now to wait 
the six or seven years before a plum tree comes into bearing to know 
by actual seeing and testing what new sort of plum we have? No; 
and here again is one of Burbank’s contributions (not wholly original 
to be sure, but original in the extent and perfection of its development) 
to the scientific aspects of plant-breeding. This saved seedling and 
other similar saved ones (for from the examination of 20,000 seedlings, 
say, Burbank will find a few tens or even scores in which he has faith 
of reward) will be taken from their plots and grafted on to the sturdy 
branches of some full-grown vigorous plum tree, so that in the next 
season or second next our seedling stem will bear its flowers and fruits. 
Here are years saved. ‘T'wenty, forty, sixty, different seedlings grafted 
on to one strong tree (in a particular instance Burbank had 600 pluin 
grafts on a single tree!); and each seedling-stem certain to bear its 
own kind of leaf and flower and fruit. For we have long known that 
the scion is not materially influenced by the stock nor the stock by 
the scion; that is not modified radically, although grafting sometimes 
increases or otherwise modifies the vigor of growth and the extent of 
the root system of the stock. 

If now the fruit from our variant seedling is sufficiently desirable ; 
if it produces earher or later, sweeter or larger, firmer or mere 
abundant, plums, we have a new race of plums, a ‘ new creation’ to go 
into that thin catalogue of results. For by simply subdividing the 
wood of the new branch, « e., making new grafts from it, the new 
plum can be perpetuated and inereased at will. Simple, is it not? 
No. it is anything but that in the reality of doing it; but in the 
scieutifie aspects of it, easily understandable. 

Perhaps it may not be amiss to call attention to what must be the 
familiar knowledge of most of us, and that is the fact that many (prob- 
ably most) cultivated plants must be reproduced by division, that is 
by cuttings, buds or grafts, and not by seeds, in order to grow ‘true.’ 
For a piece of a cultivated plant will grow out to be very much 
like the individual it was cut from, but the seeds will not, in most 
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cases, reproduce faithfully the parents, but will produce a very variable 
lot of individuals, most of them strongly reversionary in character. 
Grow peach trees from the stones of your favorite peach and see what 
manner of peaches you get; but if you want to be sure of more peaches 
like the ones you enjoy, graft scions from your tree on to other trees. 
Indeed one of the plant-breeder’s favorite methods of making a start 
for new things, of getting the requisite beginning wealth and eccen- 
tricity of variation, is to grow seedlings, especially from  cross-bred 
varieties. Burbank will give you a thousand dollars for a pinch of 
horse-radish seed. Sugar-cane seed is needed. The amelioration of 
many kinds of fruit and flowers and vegetables is checked, because in 
our carelessness we have allowed these kinds to get into that condition 
of seedlessness which almost all cultivated races tend toward when 
grown from cuttings. In our oranges and grape-frut and in a score 
of other fruits, the elimination of seeds is exactly one of the modifica- 
tions we have bred and selected for, in order to make the fruits less 
troublesome in their eating. But when we lose the seeds entirely of 
a whole group of related plant kinds we may find ourselves, as we have 
found ourselves actually in many cases, at the end of our powers of 
amelioration of these plant sorts. Burbank believes that the very fact 
that plants when grown asexually always sooner or later lose their 
power to produce seeds is almost sufficient proof (if such proof is 
needed) that acquired characters are transmitted. 

Another of Burbank’s open secrets of success is the great range of 
his experimentation—nothing is too bold for him to attempt, the 
chances of failure are never too great to frighten him. And another 
secret is the great extent, as regards material used, of each experiment. 
His beds of seedlings contain hundreds, often thousands. of individuals 
where other men are content with hundreds. Another clement in his 
work is his prodigality of time. Experiments begun twenty years ago 
are actually still under way. 

In all that I have so far written, I have purposely kept to general 
statements applicable to Burbank’s work as a whole. My readers might 
be more interested, perhaps, to have some illustrations of the applica- 
tion of various processes of making new sorts of things, some analytical 
account of the history of various specific ‘new creations, but con- 
siderations of space practically forbid this. Just a few briefly de- 
scribed examples must suffice. More than is generally imagined, per- 
haps, Burbank uses pure selection to get new things. From the famous 
golden orange colored California poppy (Zscholtzia) he has produced 
a fixed new crimson form by selection alone. That is, noticing, some- 
where, sometime, an Escholtzia individual varying slightly redder, he 
promptly took possession of it. raised young poppies from its seeds, 
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selected from among them those varying in a similar direction, raised 
new generations from them and so on until now he who wishes may 
have his California poppies of a strange glowing crimson for the price 
of a little package of seed, where formerly he was perforce content 
with the golden orange. For me the golden orange suffices, but that 
does not detract from my eager interest in the flower-paimting methods 
of Mr. Burbank. Even more striking a result is his blue Shirley 
poppy, produced also solely by repeated selection from the crimson 
field poppy of Europe. ‘We have long had various shades of black 
and crimson and white poppies, but no shade of blue. Out of 200,000 
seedlings I found one showing a faintest trace of sky blue and planted 
the seed from it, and got next year one pretty blue one out of many 
thousand, and now I have one almost pure blue.” 

But another brilliant new poppy was made in a different way. 
The pollen of Papaver pilosum, a butter-colored poppy, was put on the 
pistils of the Bride, a common pure white variety of Papaver somni- 
ferum (double), and in the progeny of this cross was got a fire-colored 
single form. ‘The character of singleness was common to the ancestors 
of hoth parents, the character of fire color in the lineage of somniferum 
only, although the red of the new form is brighter than ever before 
known in the somnifera series. Both characteristics were absent (or 
rather latent) in both parents. And yet the perturbing influence of the 
hybridization brought to the fore again these ancestral characters. 
The foliage of this fire poppy is intermediate in type between that of 
the two parents. 

The history of the stoneless and seedless plum, now being slowly 
developed by Burbank, shows an interesting combination of selection, 
hybridization and reselecting. Mr. Burbank found a plum in a small 
wild plum species with only a part of a stone. He crossed this wild 
species with the French prune; in the first generation he got most 
individuals with whole stones, some with parts of a stone, and even 
some with no stone. Through three generations he has now carried 
his line by steadily selecting, and the percentage of no-stone fruits is 
slowly increasing, while quality, beauty and productiveness are also 
increasing at the same time. 

The plum-cot is the result of crossing the Japanese plum and the 
apricot. The plum-cot, however, has not vet become a fixed variety 
and may never be, as it tends to revert to the plum and apricot about 
equally, although with also a tendency to remain fixed, which tendency 
may be made permanent. 

Most of Burbank’s plums and prunes are the result of multiple cross- 
ings in which the Japanese plums have played an important part. Hun- 
dreds of thousands of seedlings have been grown and carefully worked 
over in the twenty years of experimenting with plums, and single trees 
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CALIFORNIA Poppy (£scholizia) rendered bright crimson asa result of selection only, with- 
out crossing. 


have heen made to carry as many as 600 varying seedling grafts. The 
Bartlett phun. cross of the bitter Chinese Simoni and the Delaware, 
itself a Simoni hybrid, has the exact fragrance and flavor of the Bartlett 
pear. The Clnnax, a successful shipping pluin, is also a cross of the 
Simoni and the Japanese triflora. This Chinese Simoni. produces 
almost no pollen, but few grains of it ever having been obtained. But 
these few grains have enabled Burbank to revolutionize the whole plum 
slipping industry. The sugar prune, which promises to supplant the 
French prune in Califormia, is a selected produet of a second or third 
veneration variety of the Petite d’Agen, a somewhat variable French 
plain. 

Next in extent probably to Burbank’s work with plums and prunes 


ONE OF THE STONELESS PLUMS (CENTER) AND TWO OF ITS PARENTS, On the right hand 
the common Freneh prune. 
VoL, LXIX.—2 4. 
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is his long and suceessful experimentation with berries. This has 
extended through twenty-five years of constant attention, has mvolved 
the use, in hybridizations, of forty different species of Rubus, and has 
resulted in the origination of a score of new commercial varieties, 
mostly obtained through various hybridizations of dewberries, black- 
berries and raspberries. Among these may specially be mentioned the 
Primus, a hybrid of the western dewberry (2. wrsivus) and the Siberian 
raspberry (2. crategifolius). fixed im the first generation, which ripens 
its main erop before most of the standard varietics of raspberries and 
blackberries commence to bloom. (Mr. Burbank does not recommend 
this for general cultivation; the ‘ Phenomenal* and Himalaya are 
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EARLY AND ABUNDANT BEARING CHESTNUT TREE. One of hundreds of similar ones, due 
to crossiug and selection. These bear fruit at the age of one and a half years and are never 
without fruit. 


hetter.) In this Primus berry, we have the exceptional instance of a 
strong variation, due to hybridization, breeding true from the time of 
its first appearance. It usually takes about six generations to fix a 
new variety, but like de Vries’s evening primrose mutations, the Primus 
berry isa fixed new form from the time of its beginning. An interest- 
ing feature of Mr. Burbank’s brief account, in his * New Creations 
catalogue of 1894, of the berry experimentation, is a reproduction of a 
photograph showing “a sample pile of brush Ty ft. wide, 14 ft. high, 
and 22 ft. long, containing 65,000 two- and three-year-old seedling berry 
bushes (40,000 blackberry X raspberry hybrids and 25,000 Shaffer x 
Gregg hybrids) all dug up with their crop of ripening berries.” The 
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photograph is introduced to give the reader some idea of the work neces- 
sary to produce a satisfactory new race of berries. “ Of the 40,000 
blackberry X raspberry hybrids of this kind ‘ Phenomenal * is the only 
one now in existence. From the other 25,000 hybrids, two dozen bushes 
were reserved for further trial.” 

An astonishing result of the hybridization between the black walnut, 
Juglans nigra, used as the pistillate parent. and the California walnut, 
J. californica, staminate parent, are walnut trees which grow with such 
an amazing vigor and rapidity that they increase in size at least twice 
as fast as the combined growth of both parents. Many tremendous 
erowers are got in the first generation, but in the second there are in- 


Rhodanthe naglesi, improved in size and color by selection only. 


cluded some of the most rapidly growing trees, perhaps, in the world. 
This hybrid has clean-cut. glossy bright green leaves from two to three 
feet long with a sweet odor like that of apples, but it produces few 
nuts. Curiously enough the result of hybridization hy using the pollen 
of nigra on pistils of californica produces in abundance large nuts of a 
quality superior to that possessed by either parent. 

The famous Shasta daisy is the result of a multiple crossing between 
an American and a European species of field daisy and then between 
these hybrids and a Japanese form. The fragrant calla, known as 
‘Fragrance, is descended from a single individual fonnd by Burbank 
while critically examining a block of Little Gem calla seedlings. He 
was surprised in this examination by a fragrance resembling that of 
violets or water-llies; as he had long been seeking a fragrant calla, 
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Tleuchera LEAVES MADE CRESTED BY SELECTION OF VARYING SEEDLINGS. 


the individnal giving this perfume was carefully hunted out. No 
farther selecting was done; this plant was the single ancestor of the 
fragrant new race. 

And so one might go on for pages, but with slight variations m 
detail all these pages would tell only the same story: the stimulating 
or inducing of variability by environmental influences and by hybrid- 
izations; the search after, and keen recognition of, promising special 
variations; the selection of the plants showing these variations ; rearing 
new generations from them, repeated selection, and new hybridizations 
to eliminate this characteristic or introduce that, and on until a de- 
sirable combination is found. Then the careful fixing of this form 
or type by repeated selection through several generations. 

But an end must be made of this. Let us, in a paragraph, simply 
suum up the essential things in the scientific aspects of Burbank’s work. 
No new revelations to seience of an overturning character; but the 
revelation of the possibilities of accomplishment, based on general 
principles already known, by an unusual man. No new aws of evolu- 
tion, but new facts, new data. new canons for special cases. No new 
principle or process to substitute for selection, but a new proof of the 
possibilities of the effectiveness of the old principle. No new cate- 
gories of variations, but an illuminating demonstration of the possibili- 
ties of stimulating variability and of the reality of this general varia- 
hility as the fundamental transforming factor, No new evidence either 
to help the Darwinian factors to their death-hed, or to strengthen their 
lease on life: for the * man’ factor in all the selecting phenomena in 
Burbank’s gardens exchides all * natural* factors. Ilere are some of 
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surbank’s own words, touching these matters that scientific men are 
particularly interested in, m his work: 

All seientists have found that preconeeived notions, dogmas, and all per- 
sonal prejudice must be set aside, listening patiently, quietly and reverently 
to the lessons one by one which mother nature has to teach, shedding Hght 
on that whieh before was a mystery. so that all who will may see and know. 

Crossing gives the raiser of new plants the only means of uniting the best 
qualities of each, but just as often the worst qualities of each are combined 
and transmitted, so that to be of any value it must be followed by rigid and 
persistent selection. and im crossing. as in budding and grafting, the aflinities 
ean only be demonstrated by actual test. 

All wild plants of any species are under almost identical environments, 
having their energies taxed to the utmost in the fieree struggle for existence, 
Any great variation under such circumstances is not likely to occur, and is 
mueh more likely to be stamped out at once by its struggling competitors, 
unless the variation shonld be of special use in competition, in which case it 
will survive. and all others may be supplanted by it. Thus we see how new 
species are oiten produced by nature, but this is not her only mode. Crosses 
and hybrids are very often found growing wild where two somewhat similar 
species grow eontigneus, and if the combination happens to be a useful one, 


HYBRID OPUNTIA, WITHOUT THORN» OR BRISTLES, With a parent from which these appen- 
dages are to be removed by crossing and selection. 
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as it often does, the new creation is encouraged by nature; then time and 
environment fix it, and man comes on the scene, perhaps ages later, and dis- 
covers it, and, not knowing all the facts, wonders where the connecting links 
have gone. It is botanically classified as a new species, which it is most 
certainly. 

In cultivated plants the life struggle is removed, and here we find varia- 
tion almost the rule rather than the exception. 

Varieties are the product of fixed laws, never of chance, and with a knowl- 
edge of these laws we ean improve the products of nature, by employing nature’s 
forees, in ameliorating old or producing new species and varieties better 
adapted to our necessities and tastes, 3etter food, more sunshine, less 
arduous competition, will of themselves induce variation in individual plants 
which will be more or less transmitted to their seedlings, whieh, selected con- 
secutively through a certain number of generations, will become permanent. 
Environment here exerts an influence as in all chemical cosmical and celestial 
movements. These small inerements from environmental forees may produce 
a gradual or sudden change aceording to circumstances. The combustion of 
food liberates the moving force, environment guides it as it does the planets. 

When once the persistent type is broken up, old latent forees may be 
liberated and types buried in the dim past reappear. This, called atavism, is 
a concentration ot ancestral forces—reverberating echoes—from varieties long 
since passed away, exhibiting themselves when from some cause, for instance 
crossing, present forees are in a state of antagonisim, division, perturbation or 
weakness, These eehces, if colleeted hy crossing and selection, produce com- 
binations of superlative importance and value. 

Finally, in any summation of the scientific aspects of Burbank’s 
work must be mentioned the hosts of immensely valnable data regarding 
the inheritance of characteristics, the influence of epigenetic factors in 
development, the possibilities of plant variability. and what not else 
Important to evolution students, mostly going unrecorded, except as 
they are added in mass to the already too heavy burden carried by the 
master of the laboratory, and as they are smmmed up in those actual 
results which the world gratefully knows as Burbank’s ‘ new creations.’ 
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to prove the undesirable character of , 


Immigrants from castern and southern 
Europe, as compared with those from 
its northern and western countries and, 
by iiterence, with uative-born Ameri- 
eins, While I do not wish to impugn 
the good faith of his investigations, he 
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inquiry. I do not wish to whitewash 
the iminigrants, but merely to point 
out Mr. Shipley’s errors, hoping earn- 
estly that more caretul methods may 


prevail in the study of large masses of 


our present population, it it is to 
guide our legislators in the adoption 
of a poliey toward immigration. If 


the foreigner is to be kept out, let it 
be done frankly on the score of racial 
prejudice, but do not seek to blacken 
his character by the use of ill-digested 


statistics. 
The eravest defeet in Myr. Shiplev's 
Cae e 
presentation is the continuous shitt- 


ing of basis, without attempting to 
make corresponding corrections. Some- 
times figures are given for homicide as 
a total: at others we have the division 
into murder and manslaughter. Pres- 
ently, I shall show why manslaughter 
must necessarily be on the increase in 
reeords; lence sta- 


American court 


tistics which do not distinguish it from 


intentional homicide are valueless as 
showing a criminal tendeney of the 


he | 
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population, AT Mr. Shipley’s com- 
parisons that tell most severely against 
the recent immigrant fail to make the 
distinction. Manslaughter is prae- 
tically the uniutentional killing of a 
human being by another, and it is the 
charge upon which a man would be 
held, whose careless handling of ma- 
chinery caused death; the introduction 
of cable-cars and trolleys enormously 
the of fatal street 
as the of 
steel-framed buildings, with the coin- 


cident abandonment of fixed seatYold- 


increased number 


accidents ; have erection 


ing, the use of power-hoists, the em- 
ployment of dynamite in excavating, 
enhaneed the dangers of building opera- 

Did 
into 


these 

ments Did he 
that the man arrested for such an ‘ ae- 
cident’ was, nine times out of ten. an 
‘ignorant foreigner, whom the greed 
ot American entrusted 
with unplements, without 
safe- 


tions. he take develop- 


account ? realize 


c} 


a native-born 
dangerous 
providing him with adequate 
guards in their use? 
Again, Table IL. 
studied according to the 
of the people killed in San Francisco, 
the of the 
criminality of the Chinese their 
relatively large mortality by violence. 
1! anit the truth of the 
that the murderer and his vietim are 


apt to belong to the same race; in fact 


homicide is 


nationality 


in 


with intention proving 


by 
argunient 
a sardonie member of the Immigration 


Restriction League might classify sueh 
homicidal tendency among the * unde- 


sirables* as a redcemine virtue. But, 
for rigid statistical purposes, Mr. 
Shipley has overshot the mark. His 


own figures show that 65 out of 100,000 

the United States 
of the vear when 
) per 100.000 were being killed; are 


Chinamen in were 
in 


aecused murder 
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to suieide or to 


Caueasian markmanship ? 


these extra ten due 


Very serious, too, is the mistake of 


studying arrests for homicide, without» 


taking into aecount the relative eflici- 
of the loeal authorities. Mr. 
failure to this is 
shown, not only by his indiseriminate 


eney 


Shipley’s realize 


SCIENCE 


ereuping of eities in all parts of the: 


country, but speeitieally by his dis- 


cussion of homieide in Colorado. He 
compares the small number of arrests 
for this offense in Denver with the 


large number of murders in the state, 
properly enough emphasizing the law- 
less condition of the mining-eamps; but 
he fails to ask how many Denver mur- 
derers elude a comparatively 
police force. and eseape into the wild- 
erness on the many railroads radiating 
from the city. The question of relative 
police effieiency might have been stud- 
ied from his Table b.. giving the num- 
cber of arrests for homicide in various 
cities. The population of New York 
can not be much worse than that of 
neighboring cities. with their factories, 
docks and tramp-infested freight-vards. 
Yet New York reports 13.23 homicide 
arrests per 
Newark and only 4.51 in ‘ anarchist ’ 
City and Hoboken 
also reporting low figures. 

Again, the attitude of the community 


Paterson, Jersey 


100,000, against 9.16 in| 


smal] | 


ought to be considered, if arrests for. 


the eriterion for 
Is it eoneeivable 


should be 


homicide are made 
this form of erime. 


that the word ‘lynching’ 


absent from an inquiry into American- 


murders % 
allude to the hundreds, nay thousands, 
who have participated in the lynehine 
of negroes, of hhorse-thieves and * rust- 
lors’: were the members of these mobs 
enumerated, or even the crimes eounted 
singly, how would cur statistics look? 

Let us now examine his study of the 
velation of the immigrant to homieide. 


First comes a diagram, Fig. 1, * show- 


ine chaneine character of immigra- 
tion inte the United States” by 


three curves. showing the pereentage 


Not once does Mr. Shipley | 


MONTITLY 


of eaeh year's total immigration, de- 
rived from northwestern Europe, sonth- 
eastern Europe and ‘all others. Be- 


low is a homicide curve, which is 
strikingly parallel to the southeastern 
Europe curve. But had these curves 
heen drawn to represent the actual 
numbers of each group of nationalities, 
instead of their pereentage out of a 
variable whole, the parallelism would 
have Furthermore, the 
southeastern curve represents natives 


of Italy. Russia, Poland and Austro- 


vanished. 


Hungary, whereof the Italians form 


about one third. Another table, 
Fig. 3, gives the ratio of murderers 
among 1,000,000 ItaHans as 50.2; 


but that of the Poles and Magvars 
ix shown at very much less than the 
Freneh, and the large masses of Rus- 
bunched 
nationalities 
group rated at a trifle over 1 per 100,- 
000, The 
thirds of that incriminating curve ac- 


slan and Galeian Jews are 


with unelassified in a 


peoples representing two 


tually produeed Jess than the average 
number of murderers. Bearing ie 
mind that the eriminal tendeney of an 
immigrant conld not exhaust itself in 
the first year after his arrival, it is 
evident that the if 


strongly intlueneed by the immigration 


homicide eurve, 


of the last. fifteen years, the period in 
which the Russian and Italian immi- 
eration has outuumbered the Germanic, 
oneht to have run steeply upward, in 
a hyperboloid form, instead of remain- 
ing almost horizontal, and showing less 
of an upward tendency than during the 
preceding decade, 

Further to ineriminate the Italians, 
Fig. 5 arranges the states and terri- 
the 
tistics, and gives a graphic representa- 


tories in order of homicidal sta- 
tien of the number of natives of north- 
erm Europe, as contrasted with a com- 


bined group of Italians, Mexicans and 


Chinese, Hving in each; the south- 
western and Roeky Mountain’ states 


show the greatest mortality. by vio- 
lence, and by combining these three, 
otherwise unrelated, nationalities, their 
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numbers are made to appear large as 
with Teutonic 
In ail fairness, it ought to be open to 


compared immigrants. 


question whether the * Mexieans * enum- 
crated in the census are immigrants. 
as Mr. Shipley assumes. or Spanish- 
speaking residents of what was orig- 
inally Mexican territory, se 
that 
classified with the Italians, even on ac- 
count of their ‘ Latin’ blood, 
for the Ttalians, the states containing 
the great bulk of that nationality have 
the cleanest if 
Louisiana and Texas, where the high 


largely 


Indian they could hardly be 


But, as 


records, we exeept 
murder rate is ascribed to the negroes 
ly Mr. Shipley himself. In faet. only 


one inference could be properly drawn 
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He 
that adult males are far more prone 


callings. should) have realized 
to aets of violence than either women 
or children, and that ratios of homicide 
to nationality mean nothing, unless 
this factor be taken into aceount.,  in- 
| migration from northern Europe brings 
in more females than does that from 
the south and east; the Chinese, accord- 
ing to the census of 1900, were repre- 
by 81,534 of 
77.936, or 95.59 per cent. were males 


sented persons, whom 


At the same time, the native 


population eontained only 25.55 per 


over 21. 


-cent. of males over 20. T have already 


)shown that Mr. Shiplev’s figures for 
cee 
homicide are valueless, because they 


do not differentiate between murder 


TABLE I. 


Showing: T.. Number homicides per 100.000 according to Shipley: IT.. per- 


centage of males over 19 years, aceording to Census; [PL1.. number of homicides 


per 100.000 adult males. 


Nationality. ats Ty; YI. 
Asiislitieetes ode ution eae t,o I 44.67 2.95 
ATO TMAI ee des Sicoeedic cabs treet Maia 5 43.85 6.85 
HSMN Ss ease baa ee scaseaesh oes Oe nc vk 4 49.62 7.05 
PO ese se coeirle sich thet tl oboe dads tae 6.45 49.92 13 
WIR OAT Seo ee vo sandebmandelaadancn cade 16 50 B2 
REICH: 2 desc whecetare reas Groud es eweeaee ke OF A280 AT.05 
VtalTAesesncaaseccbeneebacy modeled es bes 50 52,20 S913 
CTT ES ER, 5 550) hearse von Seg Uae Sica 63.5 95,58 66.68 
NO NSICUITS set Seta ees a 119 43.52 aa) 
Entire United States... ...........00. 10 QS.7S 34.58 


from his Fig. 5—that the racial com- 
position of a state’s population has no 
influence at all, as compared with the 
general conditions governing the life 
of its citizens. 

As to the influence of these general 
conditions upon homicide. he merely 
discusses the relative density of popu- 
lation and the criminal tendeney of 
mining as compared with manutactur- 
ine pursuits. Having gone xo far, he 
night naturally be expeeted to proeeed 
to Inquire into the brutalizing effect 
ot 
slanghtering—the periodical debauches 


certain special trades, such as 


of sailors in) seaports—reckless disre- 
gard for the value of human life en- 
gendered by the pursuit of hazardous 


sinee he has chosen 
hundred 


and aceident; but. 
to the 
thousand foreign born of each nation- 
ality. the following table corrects these 


ealenlate ratio per 


ratios so as to apply to foreign-born 
adult males, by dividing them by the 
corresponding percentage, as calculated 
trom Table 12, of the Twelfth Census. 
Volume IT. 

The homicides for the entire United 
States are taken from Mr. Shipley's 
Fie, Le for the, ceeusts sear. the \per- 
centage of adult males is based on the 
aves viven in that census and the limit 
of 19 vears was chosen. because that 
was the nearest approach to 1S pos- 
The 
sivnificance ef the correction will be 


sible under census eonditions. 
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seen by comparing the Italian figures |a badge, breaking flowers in the parks, 


with tho-e of the entire population. 


Aly. Shipley would make them five 
times as homicidal as the average, 


while the ratio in the third column is 
as three to seven, 

Mr. Shipley perhaps realized this dis- 
turbing faetor, though he does not men- 
tor he goes out of his way to 
impugn the character of the immigrants’ 


ticn it: 


children, by quoting statisties according 


to which more than half the children 


brought before the New York City 
Children’s Court are of Russian or 
Italian parentage. As homicide is 


expressly exeluded from the jurisdic- 


tion of that eourt, the use of these sta-: 


tisties might seem irrelevant; but since 


the prejudice created might have some 


indireet influence upon the reader's 
judgment, | present an analysis of the 
report of that court for 1905, whieh is 
fuller than the earlier ones and in 
many ways might be more disad- 
vantageous to the immigrant. In this— 


analysis, the most serious interpreta- 


tion has been given in doubtful eases, 
and vet it will be seen that the great 


majority of arrests are for trivial 


offenses, such as selling papers without 


TARLE 


Classification of the arraignments before the Children’s 


City. in 1905, 


the children. 


throwing stones in the street, ete., in- 
eidental rather to unguarded childhood 
than to vieiousness. Over one quarter 
of the arrests have nothing to do with 
the child’s eharacter, as they are for 
improper guardianship or violation of 
the ehild labor law—further 
seems supertluious. 

Finally, Mr. Shipley is not happy in 
his disenssion of the conditions in in- 
dividual  eities; 
town to 


comment 


from 
would be 
tedious and would frequently result in 
a mere repetition of strictures already 
We 
ean take his eomparison of Cleveland 
Cincinnati, 

stress, 


to follow him 


town, however, 


made upon his general inferences. 


and upon whieh he lays 


great as an illmminative ex- 


ample. It appears that these two Ohio 
of nearly equal present 
diverse conditions of nationality, Cleve- 


land containing 46.1 per cent of for- 


eities, size, 


eign-born, among whom more than one 
third eome from southern and eastern 
Europe, while Cineinnati has only 17.8 
per cent. foreign-born — inhabitants, 
something more than one tenth of whom 
come from southeastern Europe. “In 
Cleveland, the average of arrests for 


I. 
Court, New York 


aceording to the gravity of the eharges and the nationality of 
The report furnishes no data of the nativity of the parents of 


children born here, but it is evident that the parents of American-born children 


must have heen in this country at least ten years 


eharacter are involved. 


United 
states. 

Crimes against person or property 
Rel oine@s: oss saereaeeree de ect sug 
Misdemeanors ....c06. eeeeeeeee | 1,175 
Prostitution, €t@. ccc ceeeeeeeeeeeees 4 
Petty iffencow of ll Wiis cs.-c00 3,177 
Troaver from schouwl ...caececs-- 48 
Disorderly and ungovernable child 563 
Insanity, attempted suicide......... ] 
huproper guardianship...........6. 1,870 
Child labor law violation........... 427 
s, 164 


where offenses of a heinous 


Birthplace. 
: ~ Dis- 
North- south- ; 
western eastern, Other paaeeen 
Europe. Europe, Countries, 
Is 133 4 419 
16 21] 11 580 
4 26 — 25 
38 re) y TOT 
ais oe — }2 
BY 104 De 1S 
— 2 — 3 
16 ga) 25 S67 
3 54 3 19 
107 1,085 64+ 74 
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homicide during the two years 1903-4 | 
was $56 per 100,000) of population. | 
In Cincinnati, the average for the six 
years [S98-1904 was 6.23, In 1890 the 
disparity was still greater, the ratio 
being 4.04 in Cincinnati and 13.0] in 
Cleveland.” This higher rate is as- 
eribed at length to the influx of for- 
eigners into Cleveland, in‘spite of the 
contrary of the chief-of-police, 
from whose report the figures are de- 
rived. But is it not true that in a de- 
eade this crime has tnereased 50° per 


view 


cent. in Cincinnati and decreased over 
25 per cent. in Cleveland, in spite of the 
latter's growth in * undesirable” popu- 
lation? Still, the foreigners in Cin- 
cinmati are not bad enough for Mr. 
Shipley’s purpose, he therefore 
eords that the 18.6] per eet. of for- 
eigners in its white population allowed 
by the Twelfth Census furnished 64.04 
per eent. of the 7,135 whites arrested 
in 1904; 
rests for murder and attempted mur- 


re- 


he then enumerates the ar- 


der and calmly asserts that ‘a large 
proportion of these crimes were un- 
doubtedly committed by foreign-born 
whites, although the figures at his 
eonnnand do not seem to even admit of 
the usual of and 
negroes. Anybody ignorant of the fact 
that 
Ineanors as well as felonies might infer 


separation whites 


“arrests” are made fer misde- 


a connection between the pereentages 


quoted above and the tendeney toward | 
= | 
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ot? 


bomieide, which Mr. Shipley would 
doubtless be the first to deny; 


juxtaposition 


never- 


theless, such careless 
must seriously inpugn the authority of 
an investigator, 

Murder is the 
in our penal code; before we throw the 


suspicion of homicidal proclivities upon 


most atrocious crime 


hundreds of thousands of innocent im- 
inigrants, Jet us weigh our evidence 
seriously and see whether our own sta- 
tisties are truthful. Is wilful homi- 
cide reported and punished uniformly 
throughout the Do our 
courts deal equally with the foreigner 
and the native, the Caueasian and the 
Mongolian, the rich and the poor? Is 
a classification into nationalities suth- 


country ? 


cient, or must age and sex also be 
taken Are certain oc- 
cupations, leading to violent habits, 


into account? 


chosen by the immigrant from inclina- 
tion or foreed upon him by our social 
and  economie Is the 
Jtalian, the Russian or the ‘ Hun’ less 


conditions ? 


amenable to Jaw than were the found- 
ers of the Texan Republic, the * forty- 

the ‘Filibusters, the ‘* cow- 
and the ‘rustlers’? Above 


niners,’ 


hoys’ 


‘all, is Myr. Shipley right in asserting, 


on page 168 of his article, that the 
second generation of foreigners is al- 
wavs worse than the first, if that be 
true. what the boasted 
streneth of our American eivilization? 
Morris LOEB. 


becomes of 


‘OLNOUOL dO ALISUMASN |) AHL dO PNIGTIOG NIVIV FILL 


LIE 


(EELES UPIVOG Tees 


THE BRITISH WEDICAL ASSOCIA- 


LION ANI TILE CNIVERSITY 
OF TORONTO 
THE British Medical Association 
held its seventy-fourth meeting at Tor- 


onto, begimung on August 21. There 
were in attendance about 1,400 British 
and Canadian members of the assacia- 
tion and about 600 visitors and guests 
from the United States. 


to some 300 members from the 


In addition 
sritish 
Islands, there were delegates from In- 
dia, South Africa and other widely 


PROGRESS OF 


CTE 381 


OF SCIENCE 


medicine, James 


dresses in by Sir 


Rarr; in surgery, by Sir Vietor Hors- 


ley, and in obstetrics, by Dr. W. S.A. 


Gariffeth, 


telogy, Jaryngology and otology, medi- 


The seetions covered derma- 


cine, obstetrics and gynecology, oph- 


thalmology, pediatries, pathology and 


separated parts of the British Empire, 


the 
The meeting had 


and several scientific men from 
European continent. 
thus many of the advantages of an 
without the 
Dr. R. A. Reeve, 
dean of the Medical Faculty of the 
University of Toronto, made the presi- 


dential 


international gatherine, 


polyglot contusion. 


address, and there were 


ad-- 


bacteriology, 


state 


Se en ae 


medicine, surgery and thera- 
As usual in British secientitie 
the 


prominent, and the excursions numer- 


peutics, 


Ineetinges, social features were 
ous and well arranged. 

Not the least interesting part of 
the meeting was the opportunity of 
Visiting Toronto and its great univer- 
sity. The movement which ended in 
the establishment of the University of 
Toronto was initiated in the eighteenth 
century, but the imstitution, which was 
originally ealled King’s College, was 
nntil 1Ss43. Numerous 


not opened 


THE NEW MeEpicaL BUILDING. 


POVULAR 


SCIENCE MONTHLY 


THE LIBRARY. 


changes in organization took place, and 
other colleges were established, which 
have since been aflihiated with the uni- 
versity. It is strictly a state institu- 
tion, but has entered into wide affilia- 
tions and has received large private 


THE NEW SCIENCE 


gifts. Several of the buildings of the 
university are shown in the aceom- 
panving illustrations. The main 


building, which was the headquarters 
of the association, was eompleted in 
1858, but it was partly destroyed by 


ca 


Gas: ay spotane 


BUILDING. 


3 
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fire in 1890 and rebuilt with important 
improvements. The new medical build- 
ing was opened three years ago. The 
library, erected almost 
wholly by private subscription, was 
completed in 3892. The chemieal 
building was first occupied in 1805, and 


university 


a new building for applied science was 
used for the first time by the section of 
state medicine. 


THE NATIONAL PURE FOOD LAW 


Tne MeCumber - Heyburn - Hepburn 
federal food and drug Jaw goes into 
etfect on January the first. It ineludes 
in its provisions all substances intended 
It. as: othe 


most comprehensive measure ever en- 


for human consumption. 


acted by congress for the control of 
interstate industries. Its provisions 
apply to the District of Columbia and 
to the territories, to exports and im- 
To 
receive full benefits from its operation, 
it will be necessary for each state and 
city to maintain cooperative inspection 
over its own commerce, for the law will 
not apply to adulteration and = mis- 
branding practised wholly within the 
state, 


ports and to interstate shipments. 


The enforcement of any law depends 
upon evidence. For this reason it is 
dithcult to enforee laws against indus- 
irial combinations and discriminations 
of violation ean 
cnls be had through a knowledge of 


beeause the evidence 


the irward transactions of the inter- 
est. In enforcing the food law the 


secret schemes of a board of direetors 
or a manutacturing manager will be 
at once liable to detection by an ex- 
amination or analysis of the product 
put upon the market. The profession 
well with 
means for detecting adulteration and 
misbranding. Methods — of 
have already been established beyond 
dispute, and a and accurate 
knowledge of the standard qualities of 
food and drug substanees has been eom- 
piled. In enforeing this law, however, 
the elfeet Health of the of 


of chemistry is equipped 
analyses 
wide 


upon use 


minimum quantities of antisepties, like 
benzoic acid to preserve such fruit and 
vegetable condiments as are left open 
in the bottle or jar by the consumer 
until used up, will be controverted. 
Some manufacturers began in an ex- 
perimental way several vears ago to 
put up these goods without antiseptics, 
and several of the large firms announce 
that the antiseptic is no longer neces- 
sary if the product is properly sterilized 
and packed in a small package. Others 
contend that an immediate prohibition 
of antisepties will destroy their busi- 
ness. This is one of the honest prob- 
lenis in the enforcement of food laws, 
and several of the states have found a 
good solution for the present in re- 
show the 
name and the amount of the antiseptic 
used in 


quiring plain labeling to 
sweet 
This label- 
ing puts a competitive trade influence 
to work which is more effeetive than 
prohibitive statute law. 

Some provisions of the law will come 
in conflict with previous laws enacted 
by congress relating to speeial prod- 
uets. Under the general law the term 
‘butter’ would mean the unadulterated 
fat from milk or cream. 


preserving = catsups, 


pickles and similar foods. 


A. previous 
federal law, however, permits the wn- 
qualified term ‘butter’ to apply to 
milk fat whieh contains * added harim- 


less color” Again, under the food 
law the term ‘wine’ would be = de- 


fined to be the product made by the 
of the 
and 


aleohohiec fermentation 
of 
“sweet wine 


normal 


juiee sound, Tipe grapes, 


+ 


would mean wine made 
sweet by arresting alcoholie fermenta- 
tion. But a previous statute defines 
sweet wine to apply without added 
jabeling to a produet containing added 
cane or beet sugar. There should be 
ho objection to the sale of butter con- 
taining added harmless coloring matter 
or wine containing added beet or cane 
sugar. But the interests in whose be- 
half these definitions were incorporated 
in the federal to 


tinue additions 


statutes wish con- 


these eolorations and 
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without laving to so inform consumers. 
This is wrong. 

It will remain for the courts to ad- 
just the contliet between such statutes 
and the general food Jaw. The Jaw 


itself contains an omnibus joker, in- | 


tended by its friends to exempt certain 
practises of adulteration or misbrand- 
ing from the other striet but fair pro- 
Visions relating to deception by arti- 
ficial colour and to misrepresentative 


Jabels. This joker appears in the last 


paragraph of Section &, in the defini- | 


tion of the word * blend.’ Sut ait ean 
he safely conjeetured that when the act 
the eourt this 


paragraph will not be construed out 


goes before supreme 
of harmony with the other strong pro- 
Visions. 

A committee consisting of H. W. 
Wiley, chairman. from the Department 
of Xiamen ture, S."\e" De Northy irom 
the of and 
Labor, and James L. Gerry, from the 
ap- 


Department Commerce 


Treasury Department, has been 


pointed by the secretaries of these de- 
partments to formulate regulations for 
the enforeement of the law. This com- 
inittee began hearings in New York 
The 


manufacturing interests will he heard, 


City on September 7. various 
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ture. This action will inthience uni- 
formity between the state laws and 
the national law, and bring about close 
eooperation between the United States 
Department of Agriculture and the 
state officials in the enforcement of 


feod and drug control legislation. 


SCIENTIFIC ITEMS. 
WE regret to record the deaths of 
Dr. H. Marshall Ward, F.R.S.. pro- 
fessor of botany at Cambridge Univer- 


sity; of Dr. Alexander Ilerzen, pyro- 


| fessor of physiology at Lausanne, and 


of William Buek Dwight, professor of 
veology at Vassar College. 

Dr. A. 
physies at Chicago, has been elected a 


A. MICHELSON. professor of 


toreign member of the Accademia dei 
Lincei, Dr. L. A. Bauer, of the 
Carnegie Institution, and Br. John M. 
Clarke, state geologist of New York, 


tome, 


have been elected corresponding mem- 
hers of the Géttingen Roval Acadenry 


(ot Setences. 


and the state departments have been. 


asked to cooperate in suggesting regula- 
At Hartford, Conn., in July, 
the association of food-control oflicials 


tions. 


amended its constitution so as to mn- 
the of the 
federal government, and an arrange- 


clude food-control  oflicials 
ment was adopted whereby there will 
he coalition of the food standard com- 
mittee from the state analysts and the 
food standard cominittee appemted by 


the United States Secretary of Agrieul- | 


At a conference of the International 
to he held at 
Budapest on September 20, the prin- 


(reodetic Association 
cipal topies to be considered were the 
aceurate surveying of mountain chains 
subject to earthquake, with a view to 
ascertaining whether these chains are 
stable or whether they rise and_ sink, 
and the taking of measures of gravity 
so as to throw Hght upon the distribu- 


tion of masses in the interior of the 
earth and upen the rigidity of the 


earth’s crust. The drawing up of pre- 
iminary reports on these two ques- 
tions has been entrusted to M. Lalle- 
mand, director of the yeneral survey 


in France, and Sir George Darwin. 
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UNIVERSITY CONTROL 


By Proressor J. J. STEVENSON 
NEW YORK UNIVERSITY 


AIPLE justification for further consideration of problems connect- 
ed with university control exists in the vastness of the interests 
concerned. The commissioner of education, in his last report, states 
that in the United States there are 607 colleges and universities, with 
almost 22.000 instructors and approximately 118,000 students; with 
property, real and personal, valued at $465,000,000 and an income 
in 1904 of $40,000,000. All recognize that the management of our 
colleges and universities as purely business enterprises is almost beyond 
reproach; but there is no such consensus of opinion respecting the 
administration of the trust itself, many believing that this is wasteful 
and inefficient, while some seem ready to assert that good faith has 
not been kept toward donors, many of whom had no definite concep- 
tion of the work for which their money was given, but had confidence 
in the wisdom, integrity and qualifications of those to whom they 
entrusted the gifts. 

The American university 1s a corporation managed by a board of 
trustees, often self-perpetuating, which, according to the state law, 
controls all details of management. The vast material interests have 
made necessary a separation of business affairs from those of eduea- 
tional work and contro] over the latter has been concentrated in the 
hands of a president, who gradually became director of the whole 
organization, determining not only its educational policy, but also, in 


* Articles bearing upon this subject have appeared recently by Presidents 
Draper and Pritchett in the Atlantic Monthly, by Mr. J. B. Monroe and Pro- 
fessor Jastrow in Science, by Professor Cattell in Science and the Independent, 
and by Professor Stevenson in the PopuLar Sctence Montuty, all of which 
have been utilized in preparation of this article. 
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not a few instances, dominating even the financial affairs. The argu- 
ments justifying this evolution are plausible. Experience shows that 
in every organization, left to itself, some one man, through native 
foree, gains control. University trustees should not permit this matter 
to adjust itself as the one, thus gaining control, might be swayed by 
wrong motives or might be ill-balanced—in either case injury would 
come. Tar better for the trustees to select some man of all-around 
fitness and to recognize him as the responsible head. Acting on this 
principle, trustees appoint as responsible president one who from their 
standpoint possesses the necessary qualifications and make him prac- 
tieally attorney in faet for the board, giving him free hand in all de- 
partments of the work. 


Advantages of the American Plan 


That this procedure is good appears at once by comparison of con- 
ditions prior to the eivil war with those at this time. In the earlier 
days, when the autoeratie system existed only in germ, the resources 
of colleges and universities were small and increased slowly. Build- 
ings, for the most part, were uninviting and students were few. The 
faculties, in most cases, were small but made up of strong men, faith- 
ful teachers, fruitful investigators. Salaries were modest, but the 
social conditions were equally modest, and the professor’s position made 
up in honor what it lacked in pecuniary reward. The equipment, 
even in what are now great universities, was insignificant; a professor 
desiring to make investigations in physies or ehemistry, either pur- 
chased or manufactured the necessary apparatus, while another, pur- 
suing speeial studies in any branch of literature, spent his savings in 
gathering material. ‘Too often the college provided rooms for teach- 
ing, the instructor provided the rest. Yet it must be conceded that 
the eolleges did admirable work. They imparted not a great deal of 
knowledge, for the courses were very narrow, but there was a system 
in the training whieh sharpened many a dull intellect and made the 
already sharp intellect keener. The purpose confessedly was not to 
inpart knowledge, but to train the intelleet, to fit the man for pro- 
fessional study. 

All was changed after the eivil war. The material needs of the 
country demanded opportunity for a new type of training, adapted 
to the needs of men with wholly different aims. ‘This required chiefly 
the imparting of knowledge with intellectual training as subordinate ; 
not cultural studies, but studies in applied knowledge. ‘Technical or 
semi-teehnieal schools were established, and wealthy business men, 
on their own initiative, gave vast sums for such schools. To retain 
their place, the universities quickly developed along the same lines, 
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placing technical schools alongside of those for law and medicine. 
This work of expansion was placed in charge of the president, who, 
under pressure of the new responsibilities, soon ceased to be teacher 
and became merely administrative officer. The splendid results of 
this policy are visible everywhere in all departments of our universi- 
ties. Instead of simple factory-like buildings, imposing fireproof 
buildings surround the campus, which, in its turn, is no longer a 
grass plot, mowed two or three times a year, but a beautiful park; the 
library building is a credit to the architeet and the shelves are well 
filled; the gymnasium is usually a noble building, a proof of anxiety 
for the physical well-being of students; the laboratories are equipped 
elegantly and abundantly; the museums are impressive; the mechan- 
ical workshops are marvels of completeness; students, in the old as 
well as in the new courses, formerly counted by scores are counted now 
by hundreds, and the nwnber of instruetors has increased proportion- 
ately; in material resources, the unit is no longer tens of thousands, 
but hundreds of thousands of dollars; the gifts to educational institu- 
tions during the last forty years make a sum so vast as to be almost 
incredible. The history of college growth in material resourees during 
the last four decades is like a leaf from the Arabian Nights and Alad- 
din’s lamp seems no longer a fairy tale. This history tells, too, of 
devotion and suffering on the part of some college presidents as noble 
as that of the early martyrs, and deserving a measure of honor which 
will never be given, as theirs was the day of ‘ small things.’ 


Disadvantages of the American Plan 


But all this is only one side of the picture, that which presents 
itself to a merely casual observer; it is the purely material side. There 
is another side, not so patent in some of its aspects, vet so apparent 
in others that even the newspaper humorist, that most casnal of ob- 
servers, has not failed to detect and to utilze it. The thoughtful 
observer, familiar in some degree with matters of education, is led 
soon to doubt if, in this great development. the interests of education 
have been regarded as paramount. He asks respecting endowments, 
and learns, not altogether to his amazement, that in the rush they have 
been overlooked: and he may learn too that by the acquisition of 
buildings, the available resourees of the college have been lessened, as 
both giver and receiver failed to provide for maintenance; he may dis- 
cover also that in carrying out plans of one sort or another, obligations 
were assumed before means were secured to meet them. It is wise to 
examine the other side somewhat minutely. 

Effect on the Trustees—On one hand, the growth of financial 
interests has made compulsory the appointment of successful business 
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men to the boards, while the urgency for additional funds has led to 
selection of men very prominent in all eallings—extremely busy men. 
On the other hand, the extraordinary growth, internally, of the colleges 
and universities has made no longer possible for the trustee that 
familiar acquaintance with professors and with the departmental needs 
which he ought to have. Ordinarily, one finds in a board two or three 
members who become so attached to some school or department as to 
give genuine attention to its affairs and who do gain much information 
respecting it; but most of the others have no leisure, or think they have 
none. ‘To make this isolation complete, there is no official communi- 
cation with the faculties except through the president, for cases are 
very rare in which the faculties have representatives in or before the 
board of trustees. Unfamiliar with educational affairs, unacquainted 
with the needs of the college under their care, too often without per- 
sonal knowledge of the professors or their qualifications, these trustees 
select a president. Recognizing their inability to perform the duties 
develving upon them under the law, they practically transfer their 
responsibilities to their appointee, and thereafter their principal func- 
tion seems to be simple legalization of his acts. Although the average 
trustee of to-day is a far abler man than his predecessor of a genera- 
tion ago, cireumstances have made him far less efficient as trustee ; 
in too many instances he is director in name only and many men seem 
to assume the office with as little sense of responsibility as though they 
were to be directors in a corporation of which one man holds a con- 
trolling interest. The creature has become greater than his creator 
and the board of trustees has lost even its old-time efficiency as ‘a 
pipe-line for shekels.’ 

Effect on the President.—Formerly, the president was to all intents 
simply a professor with some additional responsibilities for which he 
received additional remuneration. But the president of this day is very 
different. His duties have been summed up recently by Dr. A. 8S. 
Draper, and the catalogue as given is sulficiently interesting to deserve 
at least partial reproduction. The president must 


see that the property is cared for; that the teachers are eflicient; that proper 
men are found to fill the chairs; that the institution’s work is organized 
properly; that the resources are assigned rightly to the several departments 

Decide the lines along which the institution should develop; uphold proper 
ideals and make them attractive to real men—old and young; be forehanded 
and peer into the future; initiate policies; puncture fallacious logie and 
much of it; augment the resources of the institution; make the whole 
efficient for increasing service; manage and guide students, who must be 
dealt with individually; construct as well as administer; declare the best 
university opinion concerning popular movements and serious interests of 
the state; connect the university with the life of the multitude; exert 
university influence for quickening and guiding public opinion; be able to 
work harmoniously with others; 

but he must work out his oilicial course for himself. 
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As Dr. Draper is not speaking of the small college with one hundred 
students, no one will be disposed to dispute his assertion that the 
position calls for a rare man. It may be added that a board of trus- 
tees competent to make intelligent choice of this rare man would be 
composed of still rarer men. If they should be fortunate enough to 
find him they eould not keep him, for such ability is in demand, and 
some hfe insurance company would soon offer him several times the 
salary for a small fraction of the work. Undoubtedly Dr. Draper 
has summarized the requirements as they are idealized in some minds 
and no doubt there are men who feel assured that he has described the 
work they actually do, the whole work of the trustees as well as the 
whole internal work of the institution aside from teaching. Beyond 
all question, there are those who attempt this. But appointments are 
not made on the basis of this rare, broad qualification. The only ques- 
tion is as to the candidate's ability to meet the requirement which the 
board thinks most nrgent—usually one which in the list seems to be 
of rather secondary importanee. And one may not censure the board 
for this. As the number of colleges is far beyond the country’s needs, 
financial stringency is ordinarily the only requirement with which the 
trustee is familiar. The sclection, as a rule, is not made because the 
candidate is qualified to control an educational institution, but rather 
without any reference to that matter. As a rule the appointee is not 
a teacher. He is apt to entertain great respect for education and none 
too much for educating or educators. 

The newly-appointed president may or may not have an ideal—that 
is unimportant. He finds quickly, except in some of the older universi- 
ties, that the board of trustees has an ideal; that board expects a com- 
mercial success, more money, more students. The president's path is 
marked out for him; he is not to be successor to Hopkins, Witherspoon 
or Day: he is to be a wandering mendicant, exposed to rebnffs and 
disappointments of the most galling type; he is to feel that prospective 
heirs look on him as attempting to rob the widow and orphan. How- 
ever sharply one may assert that the president’s office, as it now exists, 
is an injury to higher education, he must recognize the heroic sense 
of duty which prevents so many presidents from abandoning their posts. 

The most serious matter in this connection is the complete alienation 
of the president from the work of teaching. In the smaller institutions, 
where he is still professor of some branch of philosophy, his work as 
teacher is wholly subordinate to that as traveling collector of funds. 
In the larger universities, teaching is impossible. and the president is 
simply managing ollicer of a great corporation, with buttons on his desk 
which keep him in touch with managers of departments. His work is 
purely administrative, and in the very nature of the case he comes to 
regard all within the corporation’s range as his subordinates. HH he 
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have had thorough training as a college professor, it is possible for him 
to retain some touch with the educational side; but if, as is usually the 
case, he have had no such training, his interest in educational matters 
is apt to become purely academic. And such a condition is fully in 
accord with the popular notion respecting the president’s duties; the 
position needs a man of great executive capacity, great energy, magnetic 
personality, capable of keeping himself in public view, so as to adver- 
tise the university, to attract students and to increase the resources. 
Recently a new president was chosen for a promising young college. 
Interviews with trustees and others appeared promptly in the news- 
papers stating that with this man’s magnetism, the institution will have 
a million dollars and a thousand students within ten years—not a word 
about education or elevation of grade. A notable illustration is the fre- 
quent reference to President Roosevelt as the proper successor to 
President Eliot of Harvard—thonugh every thoughtful man at all 
familiar with university needs and objeets must recognize that Presi- 
dent Roosevelt, with all his remarkable ability, has not the qualifications 
required for control of a wniversity, large or small. 

Yet this officer, becoming every year less and less fitted to preside 
over educational affairs, becomes each year more firmly fixed as auto- 
erat, for, if at all successful in raising money, he soon develops into the 
administration. ‘The trustees may be restless, when ignored, but that 
is unimportant, for they know very little about the institution, while 
ordinarily the trespass upon their prerogative is so gradual that no 
new advance is sufficient to justify decisive action. The president, 
originally a lawyer, clergyman or business man, has sole power over 
appointments of professors, over the fixing of their salaries and over 
the curriculum itself, for he may establish a new chair at any time. It 
is not too much to say that the office of college president, as it exists 
in most of our colleges and universities, is the great menace to higher 
education in America. 

Effect on the professors.—The all-essential portion of the univer- 
sity is the teaching staff; it does the work for which the college or 
university was founded; all other portions of the organization, trustees, 
president and ‘what not’ were intended for the encouragement and 
strengthening of this staff. Under the American system, the relations 
hare been reversed. 

There seems to be a deliberate attempt to convince the community 
that college professors are singularly child-like in simplicity and in 
lack of business capacity. One president has dilated on the unworld- 
liness of college professors, and has left the impression that he thinks 
low salaries not altogether bad as they tend to encourage high thinking 
and indifference to worldly affairs. Another describes the ideal trustee 
in glowing terms, he stands transfixed while contemplating the majesty 
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of the president, but in the professors he finds only material for ridicule. 
Teachers as a rule are impractical; faculty meetings seem to be but 
burlesques, and he clinches his description of unfitness by the broad 
assertion that faculties can not be entrusted with the selection of pro- 
fessors. In reading such statements one can not repress amazement 
that men so efficient as many college professors are in executive work, 
in political affairs, in corporations of many types, should lose all as soon 
as they come into contact with their life’s work. At the same time he 
finds comfort in remembering that some important colleges in this 
country exist to-day only because professors assumed the business bur- 
den when trustees had thrown it down in despair; and he can not 
forget that the most successful presidents, judged even from the ordi- 
nary standpoint of success, were chosen from the faculties of the 
colleges over which they preside. One is at least safe in asserting that 
the training of college professors in business matters is quite equal to 
that of men in the clerical profession, from which so many college 
presidents have been selected. 

Both trustees and presidents act on the principle that professors 
need guardians. The college faculties, especially, are practically 
ignored; little by little their authority has been curtailed until now 
it extends little beyond the class-room. In some of the larger institu- 
tions, faculties no longer choose their officers. Faculty meetings in 
some departments are unimportant affairs, and professors attend them 
as they perform other unimportant things, because they are on the list 
of duties. Certainly the meetings are characterized by pointless dis- 
cussions, but this is due to the presiding officer, the president himself 
or his representative, who lets go his hold on the tiller and leaves 
the craft to wander at will. But there is no reason why the discussions 
should be other than aimless; decisions carry no weight except in 
matters wholly insignificant. The board of trustees in its innocence is 
available to correct any erroneous decision. Professor Jastrow refers 
to a case in which the faculty was informed that its action was a matter 
of indifference, that the trustces would decide the matter as the presi- 
dent wished. The writer has learned of another case in which the 
faculty received no such preliminary information, but was permitted to 
waste its energies in long and careful consideration of a proposition 
involving an important principle. Not many days after the decision 
was reached, the faculty was called together to receive information that 
their action had been overslaughed by the trustees. How much interest 
or importance should attach to faculty meetings is not difficult to 
comprehend. 

Some newspapers have much to say respecting subordination of pro- 
fessors to millionaires who have given large sums to colleges. The 
writer has found none of this among professors and he has yet to find 
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the giver who has shown desire to meddle with ‘ professorial freedom.’ 
But there is a subordination which the writer knows leads young men 
to despise the professor’s calling, leads them, in Mr. Monroe’s words, 
to look with scorn upon a calling in which the individual is annihilated. 
The president, too often a graduate from one of the narrowest courses 
in college, too often belonging for much of his later life to a dogmatic 
profession, has power to make and does make appointments on his own 
motion to chairs in literature, philosophy as well as in pure and applied 
science; he controls promotions and salaries; the professors are subor- 
dinate to him individually as the faculties are collectively. Young 
men, knowing the conditions, refuse to enter the calling; others, 
ignorant of them, spend years in preparation and enter the calling only 
to find, when too late to escape, that their ideal was as a will o’ the wisp. 

The assertion is made that, were it not for this control, professors 
would become perfunctory in their work. Some kind of control is 
needed even for the best of men that matters be not at loose ends, but it 
should be intelligent to be efficient. A successful business man, an 
eminent lawyer, a great clergyman, would not prove eflicient as superin- 
tendent of a shop for grinding microscope lenses or for manufacturing 
chronometers. And if occasionally he expressed opinions belittling the 
skill required for the work or showed preference for quantity rather 
than for quality of work, his control would be of doubtful value. This 
is a condition in too many colleges, with the result that the president 
is on one side, the faculty on the other, with nothing but distrust in 
common. 

it is strange that so few college professors become perfunctory in 
their work. 'They receive little personal recognition. If they exert 
themselves to build up the library, museum or apparatus, if they induce 
an acquaintance to give an endowment, all these are so many packages 
thrown into the president’s basket of achievements. Their services are 
not acknowledged even in a material way. Their salaries are petty; the 
salary of a rowing coach in a great university is larger than that of an 
assistant professor who has done efficient work for many years; in case 
of urgent deficit, the first relief suggested is in reduction of the pro- 
fessors’ salaries. In other professions, experience and efficiency lead to 
promotion; in this other matters prevail, and too often a young man, 
untried, is appointed at higher salary than that received by older men 
of well-ascertained efficiency. It is surprising that so few men come 
to share the apparent opinion of president, trustees and many students 
that their work is of only incidental importance. Yet there is no 
reason why college professors should be more transcendental than other 
men. 

These statements may seem strange to many persons of wealth. 
The needs of the ‘ poor self-denying professor’ are exploited so fre- 
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quently by college presidents in their appeals to generously-inclined 
people that the ‘poor professor’ is almost a byword. In truth the 
professor is often poor enough, but he is not guilty of exploiting his 
poverty or of seeking praise for self-abnegation. In any event, he has 
profited little from large gifts, which too often take the shape of 
buildings, thereby increasing the running expenses and endangering the 
already too small salaries. There is, indeed, sign of awakening con- 
science, for one day last summer it was announced that a college had 
received a considerable sum of money and that the salaries would be 
increased at once. Harvard has received a great sum, whose income 1s 
to be devoted solely to endowment; while the presidents of two other 
great universities have announced that increase of salaries is the most 
urgent need. It must be remembered, however, that these universities 
are in large cities, where the salaries, though counting large in dollars, 
have comparatively small purchasing power. Five thousand dollars in 
New York city is actually less than two thousand in many a college 
town, while two thousand dollars in that city means living in condi- 
tions incredibly narrow to dwellers in villages. This matter of salary 
is, however, relatively unimportant. The all important matter for 
consideration is the insignificant position of the professor in the 
organism of which he is the all-important element. These words are 
written with due deliberation. During his almost forty years of service, 
the writer has seen the gradual evolution of the president in American 
colleges and the resulting decadence of the professor. 

Liffect on Higher Education —The American university is a great 
business corporation, conducted on business principles. The sense of 
ownership is as marked in president and trustees as though the corpora- 
tion had been formed to make drugs or to build ships and they held all 
the stock. Within a few months, we have seen the spectacle of two 
educational corporations endeavoring to unite their properties under one 
control, though the faculties were opposed to the union. Intervention 
by the courts was necessary to prevent consummation of the deal. A 
few years earlier, negotiations of somewhat similar character were con- 
ducted between two other institutions, without any reference whatever 
to the faculties’ opinion—properly enough, too, if, as stated by one of 
the trustees, the professors are merely employees of the corporation. 
The justification for such procedure is that men outside of boards of 
instruction see things from a higher plane than do those inside. One 
must refrain from commenting on this plea. 

The anxiety to have the corporation do a big business makes number 
of matriculants quite as important, to say the least, as the character of 
instructors or instruction. Summer schools, at first mere incidents, are 
now recognized parts of several universities, and even modest colleges 
are not without them. Thev are important, affording opportunity for 
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instruction in all subjects from Greek up or down to kitchen-gardening 
and dancing, affording great opportunity for cultivating the social side 
and adding notably to the list of matricnlants. Appendages affording 
side passages to degrees are as welcome as sttmmer schools, as they 
benefit a worthy class and add to the matricnlant list. The correspond- 
ence school has not gained full recognition, but the importance of the 
others justifies the hope of its founders. This type of expansion has 
been at the expense of efficiency. New schools, new courses, are added, 
the catalogue becomes more bulky each year, but the number of in- 
structors is increased in small proportion. ‘The instructors become 
mere lesson-hearers. In one institution, professors offer twenty to 
thirty-one hours a week of actnal class-room work in various schools. 
How much energy remains for genuine stndy is not difficult to deter- 
mine. One need not wonder that college professors no Jonger lead in 
investigation and discovery. This anxiety for bigness has led to the 
prominence of semi-professional athletics, to the lowering of standards 
that college champions may ‘ get through,’ to the lowering of ideals and 
even of morals. A student expressed well the general sentiment of his 
class when Columbia took its stand against certain forms of athletics— 
“What is Columbia coming to anyway? It’s going to be nothing but 
an educational factory.” 

Conceding all that is claimed for the present system, the question 
still remains, Has the gain equalled the cost? 

No candid man, who has examined the subject carefully, who has 
studied many colleges, will answer the question affirmatively. It mat- 
ters not how firmly he is attached to the present system, he must 
acknowledge that the results, from an edueator’s standpoint, are not 
commensurate with the expenditures—more, that in some directions it 
has led to positive waste. If one look over a pile of college catalogues 
from different parts of the country, he will find whole broods of 
academies masquerading as colleges, even as universities, with one 
twentieth to one fourth of their pupils taking college studies, with a 
long list of teachers, with a president traveling over the country, 
prating on the advantage of the ‘small college,’ pleading the cause of 
the ‘ poor professor’ and working on denominational prejudice to make 
good the annnal deficit of which his salary and traveling expenses form 
a large part. There is something wrong in a system which creates a 
pubhe sentiment snch as permits a half-million dollar gymnasium or 
an iminense stadium for semi-professional intercollegiate contests to 
be heralded as a gift to edneation; that receives gifts for scholarships 
and fellowships with as much acclaim as gifts for endowments; that 
points to piles of masonry and to mere lists of matriculants as proofs of 
success, that places the college on the basis of the shop and proves 
cconomy of management by showing as many clerks as possible on a 
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minimum of expenditure. As far as trne educational work is con- 
cerned, it is not too much too say that a very large part of the gifts 
might as well as not have been withheld. 


Suggestions Looking to Reform 


As has been said many times respecting other matters, things have 
reached such a pass that a change for the better must come soon. But 
the change will not come of itself, it must be brought about. Some 
have suggested that there be frequent consultations of college presi- 
dents; others, that the presidents and representatives of boards should 
meet for conference. But there is no promise of relief in such sugges- 
tions; whatever of promise there is looks rather toward making matters 
worse. There is no possibility of change for the better until there is 
full recognition in practise of the academically undisputed fact that the 
university in its essence is edueational, all else about it being purely 
incidental. With this will come recognition of another fact, that no 
one should be entrusted with the executive duties of a university or 
college nnless he have had as thorongh training for the post as that 
required of bank presidents. It will be recognized also that choice of 
this executive officer should be made by those whose special training has 
fitted them to judge respecting the qualifications of a candidate. A 
board of clergymen and college professors, no matter how eminent they 
might be, would not be thought competent to select a president for one 
of our great banks. Even before recognition of these facets, men should 
see that no return to a proper ideal is possible so long as the whole 
policy of a university is dictated by one man. Recent explosions in the 
business world have proved this true for commercial corporations ; it 1s 
equally true for educational corporations, more important than the 
others, in that their influence is not local and temporary. 

The teaching staff must be recognized as the all-important part of 
the institution, for whose support and encouragement all other parts 
exist. The presidential wedge, now constantly widening the gap be- 
tween the business and the educational interests, must be removed and 
the gap closed. The business man and the teacher must be brought 
into contaet, the inevitable result being, as Mr. Monroe has said, great 
profit to both. 

The organization of many universities is so complex that genuine 
re-adjustment can not be effected rapidly and a modus vivendi is neces- 
sary during the interval. This is possible with merely statutory 
changes. Faculties should elect their own officers. No change in the 
curriculum or assignments, no subdivision of chairs or creation of new 
ones should be made except upon recommendation of a committee for 
each faculty, consisting of trustees appointed by the board and of pro- 
fessors elected by the faculty concerned. Equally, no appointment to 
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the teaching staff should be made except upon recommendation by the 
same committce. In respeet to matters affecting the relations of two 
or more faculties, the trustees should act only on the recommendation 
of a senate consisting of the deans and a representative elected by each 
faculty. <All faculty elections should be by ballot without previous 
open nomination. 

But this is merely palliative; organic change is necessary to secure 
permanency. 

Edinburgh university, burdened during a long period by unintel- 
ligent control, gained freedom after a severe struggle in which the 
faculties were led by Sir William Hamilton. The conflicting interests 
were so many that reorganization was a much more complicated 
problem than that for our universities. The corporate body of the uni- 
versity is the university court, answering to the American board of 
trustees, as it has final control over all matters, except appointment to 
certain chairs, which are under patronage. A general council, consist- 
ing of certain officers, the professors and such alumni as have paid, 
once for all, a stipulated fee, elects a chancellor and four members of 
the university court. The chancellor is not a member of the court but 
appoints a representative. All acts of the court involving organic 
change must receive his sanction, but aside from this he seems to have 
no serious responsibility. The Senatus Academicus, consisting of the 
professors, elects four of its own number to the court; the individual 
faculties elect their own officers and control their internal affairs, sub- 
ject to appeal to the court. The matriculated students elect a rector, 
who is presiding officer of the court, to which he appoints a member. 
The Town Couneil of Edinburgh eleets one member of the court and a 
principal, whose chief duty is to preside at meetings of the senatus. 
There are some other regulations due to peculiar conditions surrounding 
the university, but they are immaterial here. Under this new system, 
the resources of the university have increased enormously, the courses 
of instruction have ceased to be medieval, while the number of students, 
in spite of constantly increasing severity of requirements, has multiplied 
several fold. This method has the merit of utilizing to the best degree 
all groups connected with the university, while the faculties are brought 
into close touch with each other and with all matters affecting university 
interests. 

Many suggestions have been made with especial view to American 
conditions. Professor Cattell has summarized these, making important 
additions of his own. The essential features of his presentation are: 

The corporation should consist of professors, alumni and members 
of the community—in the case of a state university, the people should 
eleet part of the corporation ; trustees, chosen by this corporation to care 
for the secular affairs, should elect a chancellor and a treasurer. The 
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professors should elect a president, a man with expert knowledge of 
education and university administration, whose salary, dignity and 
powers should be similar to those of individual professors. The uni- 
versity should be divided into schools as units, each of which should 
elect its dean and executive committee and should nominate men to fill 
vacancies. ‘These nominations should be subject to approval by a board 
of advisers, consisting of professors from the school concerned, from 
related schools and from outside of the university; but final election 
should be by the university senate, and subject to veto by the trustees. 
Each school should have educational as well as financial autonomy and 
its property should be a trust fund for its benefit. Representatives 
from all schools should be elected to a senate, which should legislate for 
the university as a whole and should be co-ordinate with the trustees. 

Reorganization along the lines of either method would bring about 
the desired result. The faculty’s influence would pervade the whole 
institution and the work throughout would be directed to educational 
ends. 

Undoubtedly were such changes effected others would come about. 
In all probability, catalogues, for a time, would show a decreased num- 
ber of matriculants and possibly the total of benefactions reported to 
the commissioner of education would be diminished seriously. The 
writer has long believed with Professor Jastrow that decrease in bene- 
factions and in the number of matriculants would not be serious evils. 
While the number of matriculants might be less, the proportion of 
students would be more and while the total of benefactions might be 
less, the amount devoted to genuine educational work would be more. 
The number of colleges might be reduced—certainly no calamity. 
Many so-called colleges, described by the editor of a prominent religious 
paper as academies with a college annex, might disappear. As acade- 
mies with a few teachers, they could pay their way—with their petty 
college annex, they have a deficit. These gone, there would be relief 
to the generously-inclined: and a great amount of money, no longer 
wasted on them, would be available for other purposes. 
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By M. H. POINCARE 


MEMBER OF THE INSTITUTE OF FRANCE 
CiurapTer ITI. True Norion or Space 


1. Introduction 


N the articles I have heretofore devoted to space I have above all 
emphasized the problems raised by non-Huclidean geometry, while 
leaving almost completely aside other questions more difficult of ap- 
proach, such as those which pertain to the number of dimensions. All 
the geometries I considered had thus a common basis, that tridimen- 
sional continuum which was the same for all and which differentiated 
itself only by the figures one drew in it or when one aspired to 
measure it. 

In this continuum, primitively amorphous, we may imagine a net- 
work of lines and surfaces, we may then convene to regard the meshes 
of this net as equal to one another, and it is only after this convention 
that this continuum, become measurable, becomes Euclidean or non- 
Euclidean space. From this amorphous continuum can therefore arise 
indifferently one or the other of the two spaces, just as on a blank sheet 
of paper may be traced indifferently a straight or a circle. 

In space we know rectilinear triangles the sum of whose angles is 
equal to two right angles; but equally we know curvilinear triangles 
the sum of whose angles is less than two right angles. The existence 
of the one sort is not more doubtful than that of the other. To give 
the name of straights to the sides of the first is to adopt Euclidean 
geometry; to give the name of straights to the sides of the latter is to 
adopt the non-Euclidean geometry. So that to ask what geometry it 
is proper to adopt is to ask, to what line is it proper to give the name 
straight ? 

It is evident that experiment can not settle such a question; one 
would not ask, for imstance, experiment to decide whether I shonld 
call AB or CD a straight. On the other hand, neither can I say that 
I have not the right to give the name of straights to the sides of non- 
Euclidean triangles because they are not in conformity with the eternal 
idea of straight which I have by intuition. I grant, indeed, that I 
have the intuitive idea of the side of the Euclidean triangle, but I have 
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equally the intuitive idea of the side of the non-Euclidean triangle. 
Why should I have the right to apply the name of straight to the first 
of these ideas and not to the second? Wherein does this syllable form 
an integrant part of this intuitive idea? Evidently when we say that 
the Euclidean straight is a true straight and that the non-Euclidean 
straight is not a true straight, we simply mean that the first intuitive 
idea corresponds to a more noteworthy object than the second. But 
how do we decide that this object is more noteworthy? This question 
I have investigated in ‘ Science and Hypothesis.’ 

It is here that we saw experience come in. If the Euclidean straight 
is more noteworthy than the non-Euclidean straight, it is so chiefly 
because it differs little from certain noteworthy natural objects from 
which the non-Euclidean straight differs greatly. But, it will be said, 
the definition of the non-Euclidean straight is artificial; if we for a 
moment adopt it, we shall see that two circles of different radius both 
receive the name of non-Euclidean straights, while of two circles of 
the same radius one can satisfy the definition without the other being 
able to satisfy it, and then if we transport one of these so-called 
straights without deforming it, it will cease to be a straight. But by 
what right do we consider as equal these two figures which the Euclidean 
geometers call two cireles with the same radius? It is because by 
transporting one of them without deforming it we can make it coincide 
with the other. And why do we say this transportation is effected 
without deformation? It is impossible to give a good reason for it. 
Among all the motions conceivable, there are some of which the 
Euchdean geometers say that they are not accompanied by deforma- 
tion; but there are others of which the non-Euclidean geometers would 
say that they are not accompanied by deformation. In the first, called 
Euchdean motions, the Euclidean straights remain Euclidean straights, 
and the non-Euclidean straights do not remain non-Kuclidean straights ; 
in the motions of the second sort, or non-Euclidean motions, the non- 
Euclidean straights remain non-Euclidean straights and the Euclidean 
straights do not remain Euclidean straights. It has, therefore, not 
been demonstrated that it was unreasonable to call straights the sides 
of non-Euclidean triangles; it has only been shown that that would 
be unreasonable if one continued to call the Euclidean motions motions 
without deformation; but it has at the same time been shown that it 
would be just as unreasonable to call straights the sides of Euclidean 
triangles if the non-Euclidean motions were called motions without 
deformation. 

Now when we say that the Euclidean motions are the true motions 
without deformation, what do we mean? We simply mean that they 
are more noteworthy than the others. And why are they more note- 
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worthy? It is because certain noteworthy natural bodies, the solid 
bodies, undergo motions almost similar. 

And then when we ask: Can one imagine non-Euclidean space? 
that means: Can we imagine a world where there would be noteworthy 
natural objects affecting almost the form of non-Euclidean straights, 
and noteworthy natural bodies frequently undergoing motions almost 
similar to the non-Euclidean motions? J have shown in ‘ Science and 
Hypothesis’ that to this question we must answer yes. 

It has often been observed that if all the bodies in the universe 
were dilated simultaneously and in the same proportion. we should 
have no means of perceiving it, since all our measuring instruments 
would grow at the same time as the objects themselves which they serve 
to measure. The world, after this dilatation, would continue on its 
course without anything apprising us of so considerable an event. In 
other words, two worlds similar to one another (understanding the 
word similitude in the sense of Euclid, Book VI.) would be absolutely 
indistinguishable. But more; worlds will be indistinguishable not 
only if they are equal or similar, that is, if we can pass from one to the 
other by changing the axes of coordinates, or by changing the scale to 
which lengths are referred; but they will still be indistinguishable if 
we can pass from one to the other by any ‘ point-transformation ’? what- 
ever. J will explain my meaning. I suppose that to each point of 
one corresponds one point of the other and only one, and inversely ; 
and besides that the coordinates of a point are continuous functions, 
otherwise altogether arbitrary, of the corresponding point. I suppose 
besides that to each object of the first world corresponds in the second 
an object of the same nature placed precisely at the corresponding 
point. I suppose finally that this correspondence fulfilled at the ini- 
tial instant is maintained indefinitely. We should have no means of 
distinguishing these two worlds one from the other. The relativity of 
space is not ordinarily understood in so broad a sense; it is thus, how- 
ever, that it would be proper to understand it. 

If one of these universes is our Euclidean world, what its inhabit- 
ants will call straight will be our Euclidean straight; but what the 
inhabitants of the second world will call straight will be a curve which 
will have the same properties in relation to the world they inhabit and 
in relation to the motions that they will call motions without deforma- 
tion. Their geometry will, therefore, be Euclidean geometry, but their 
straight will not be our Euclidean straight. It will be its transform 
by the point-transformation which carries over from our world to theirs. 
The straights of these men will not be our straights, but they will have 
among themselves the same relations as our straights to one another. 
It is in this sense I say their geometry will be ours. Jf then we wish 
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after all to proclaim that they deceive themselves, that their straight 
is not the true straight, if we still are unwilling to admit that such an 
affirmation has no meaning, at least we must confess that these people 
have no means whatever of recognizing their error. 


2. Qualitative Geometry 


All that is relatively easy to understand, and I have already so 
often repeated it that I think it needless to expatiate further on the 
matter. Euchdean space is not a form imposed upon our sensibility, 
since we can imagine non-Euclidean space; but the two spaces, 
Euclidean and non-Euclidean, have a common basis, that amorphous 
continuum of which I spoke in the beginning. From this continuum 
we can get either Euclidean space or Lobachevskian space, just as we 
can, by tracing upon it a proper graduation, transform an ungraduated 
thermometer into a Fahrenheit or a Réaumur thermometer. 

And then comes a question: Is not this amorphous continuum that 
our analysis has allowed to survive a form imposed upon our sensi- 
bility? If so, we should have enlarged the prison in which this sensi- 
bility is confined, but it would always be a prison. 

This continuum has a certain number of properties, exempt from 
all idea of measurement. ‘The study of these properties is the object 
of a science which has been cultivated by many great geometers and 
in particular by Riemann and Betti and which has received the name 
of analysis situs. In this science abstraction is made of every quan- 
titative idea and, for example, if we ascertain that on a line the point 
is between the points 4 and C, we shall be content with this ascer- 
tainment and shall not trouble to know whether the line ABC is straight 
or curved, nor whether the length 1B is equal to the length BC, or 
whether it is twice as great. 

The theorems of analysis situs have, therefore, this peculiarity that 
they would remain true if the figures were copied by an inexpert 
draftsman who should grossly change all the proportions and replace 
the straights by lines more or less sinuous. In mathematical terms, 
they are not altered by any ‘ point-transformation’ whatsoever. It 
has often been said that metric geometry was quantitative, while 
projective geometry was purely qualitative. That is not altogether 
true. The straight is still distinguished from other lines by properties 
which remain quantitative in some respects. The real qualitative 
geometry is, therefore, analysis situs. 

The same questions which came up apropos of the truths of 
Euclidean geometry, come up anew apropos of the theorems of analysis 
situs. Are they obtainable by deductive reasoning? Are they dis- 
guised conventions? Are they experimental verities? Are they the 
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characteristics of a form imposed either upon our sensibility or upon 
our understanding ? 

I wish simply to observe that the last two solutions exclude each 
other. We can not admit at the same time that it is impossible to 
imagine space of four dimensions and that experience proves to us that 
space has three dimensions. The experimenter puts to nature a ques- 
tion: Is it this or that? and he can not put it without imagining the 
two terms of the alternative. If it were impossible to imagine one of 
these terms, it would be futile and besides impossible to consult ex- 
perience. ‘There is no need of observation to know that the hand of a 
watch is not marking the hour 15 on the dial, because we know before- 
hand that there are only 12, and we could not look at the mark 15 to 
see if the hand is there, because this mark does not exist. 

Note likewise that in analysis situs the empiricists are disembar- 
rassed of one of the gravest objections that can be leveled against them, 
of that which renders absolutely vain in advance all their efforts to 
apply their thesis to the verities of Kuchdean geometry. These verities 
are rigorous and all experimentation can only be approximate. In 
analysis situs approximate experiments may suffice to give a rigorous 
theorem and, for instance, if it is seen that space can not have either 
two or less than two dimensions, nor four or more than four, we are 
certain that it has exactly three, since it could not have two and a half 
or three and a half. 

Of all the theorems of analysis situs, the most important is that 
which is expressed in saying that space has three dimensions. This it 
is that we are about to consider, and we shall put the question in these 
terms: When we say that space has three dimensions, what do we mean? 


3. The Physical Continuum of Several Dimensions 


I have explamed in ‘Science and Hypothesis’? whence we derive 
the notion of physical continuity and how that of mathematical con- 
tinuity has arisen from it. It happens that we are capable of dis- 
tinguishing two impressions one from the other, while each is indis- 
tinguishable from a third. Thus we can readily distinguish a weight 
of 12 grams from a weight of 10 grams, while a weight of 11 grams 
could neither be distinguished from the one nor the other. Such a 
statement, translated into symbols, may be written: 


A=B, B=C, A<C. 


This would be the formula of the physical continuum, as crude 
experience gives it to us, whence arises an intolerable contradiction 
that has been obviated hy the introduction of the mathematical con- 
tinuum. ‘This is a scale of which the steps (commensurable or incom- 
mensurable numbers) are infinite in number, but are exterior to one 
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another instead of encroaching on one another as do the elements of the 
physical continuum, in conformity with the preceding formula. 

The physical continuum is, so to speak, a nebula not resolved; the 
most perfect instruments could not attain to its resolution. Doubtless 
if we measured the weights with a good balanee instead of judging 
them by the hand, we could distinguish the weight of 11 grams from 
those of 10 and 12 grams, and our formula would become: 


A<B, B<@G, A<C. 


But we should always find between -L and B and between B and C 
new elements D and F, such that 


A=D, D=b, A<B; BoE, E=C, B< GC, 


and the difficulty would only have receded and the nebula would always 
remain unresolved; the mind alone can resolve it and the mathematieal 
continuum it is which is the nebula resolved into stars. 

Yet up to this point we have not introdueed the notion of the num- 
ber of dimensions. What is meant when we say that a mathematical 
continuum or that a physical continuum has two or three dimensions ? 

First we must introduce the notion of cut, studying first physical 
continua. We have seen what characterizes the physical continuum. 
Each of the elements of this continuum consists of a manifold of im- 
pressions; and it may happen either that an element can not be dis- 
eriminated from another element of the same continuum, if this new 
element corresponds to a manifold of impressions not sufficiently dif- 
ferent, or, on the contrary, that the discrimination is possible; finally 
it may happen that two elements indistinguishable from a third, may, 
nevertheless, be distinguished one from the other. 

That postulated, if A and B are two distinguishable elements of a 
continuum C’, a series of elements may be found, Fy, £,, **:, #,, all 
belonging to this same continuum C and sueh that each of them is 
indistinguishable from the preceding, that /, is indistinguishable from 
A and #, indistingnishable from 6. Therefore we can go from A to 
B by a continuous route and without quitting C. If this condition is 
fulfilled for any two elements -l and B of the continuum C’, we may 
say that this continuum C' is all in one piece. Now let us distinguish 
certain of the elements of C which may either be all distinguishable 
from one another, or themselyes form one or several continua. The 
asseinblage of the elements thus chosen arbitrarily among all those of 
C' will form what I shall eall the cut or the cuts. 

Take on C any two elements 4 and &. Either we can also find a 
series of elements H,, #,, °*:, #,, such: (1) that they all belong to C; 
(2) that each of them is indistinguishable from the following, £, 
indistinguishable from A and E&” from B; (3) and besides that none 
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of the elements E is indistinguishable from any element of the cut. 
Or else, on the contrary, in each of the series H,, B,, °**, L, satisfying 
the first two conditions, there will be an clement H# indistinguishable 
from one of the elements of the cut. In the first case we can go from 
A to B by a continuons route without quitting C and without meeting 
the cuts; in the second case that is impossible. 

If then for any two elements 4 and B of the continuum C, it is 
always the first case which presents itself, we shall say that C remains 
all in one piece despite the cuts. 

Thus, if we choose the cuts in a certain way, otherwise arbitrary, it 
may happen either that the continuum remains all in one piece or that 
it does not remain all in one piece; in this latter hypothesis we shall 
then say that it is divided by the ents. 

It will be noticed that all these definitions are constructed in setting 
out solely from this very simple fact, that two manifolds of impressions 
sometimes can be discriminated, sometimes can not be. That postu- 
lated, if, to divide a continuum, it suffices to consider as cuts a certain 
number of elements all distinguishable from one another, we say that 
this continuum is of one dimension; if, on the contrary, to divide a 
continuum, it is necessary to consider as cuts a system of elements 
themselves forming one or several continua, we shall say that this con- 
tinuum is of several dimensions. 

If to divide a continuum C, cuts forming one or several continua 
of one dimension suffice, we shall say that C is a continuum of two 
dimensions; if euts suffice which form one or severa] continua of two 
dimensions at most, we shall say that C is a continuum of three dimen- 
sions ; and so on. 

To justify this definition it is proper to sce whether it is m this 
way that geometers introduce the notion of three dimensions at the 
beginning of their works. Now, what do we see? Usually they begin 
by defining surfaces as the boundaries of solids or pieces of space, lines 
as the boundaries of surfaces, points as the boundaries of lines, and 
they affirm that the same procedure can not be pushed further. 

This is just the idea given above: to divide space, cuts that are 
called surfaces are necessary; to divide surfaces, cuts that are called 
lines are necessary ; to divide lines, cuts that are called points are neces- 
sary; we can go no further, the point can not he divided, so the point 
is not a continuum. ‘Then lines which can be divided by cuts which 
are not continua will be continna of one dimension; surfaces which 
ean be divided by continuous cuts of one dimension will be continua 
of two dimensions; finally space which can be divided by continuous 
cuts of two dimensions will be a continuum of three dimensions. 
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Thus the definition I have just given does not differ essentially 
from the usual definitions; I have only endeavored to give it a form 
applicable not to the mathematical continuum, but to the physical con- 
tinnwm, which alone is susceptible of representation, and yet to retain 
all its precision. Moreover, we see that this definition applies not 
alone to space; that in all which falls under our senses we find the 
characteristies of the physical continuum, which would allow of the 
same classification; that it would be easy to find there examples of 
continua of four, of five, dimensions, in the sense of the preceding 
definition; such examples occur of themselves to the mind. 

I should explain finally, if I had the time, that this science, of which 
I spoke above and to which Riemann gave the name of analysis situs, 
teaches us to make distinctions among continua of the same number 
of dimensions and that the classification of these continua rests also 
on the consideration of cuts. 

From this notion has arisen that of the mathematical continuum 
of several dimensions in the same way that the physical continuum of 
one dimension engendered the mathematical continnum of one dimen- 
sion. The formula 

A>d, AB, BC, 


which summed up the data of crude experience, implied an intolerable 
contradiction. To get free from it it was necessary to introduce a new 
notion while still respecting the essential characteristics of the physical 
continuum of several dimensions. The mathematical continuum of 
one dimension admitted of a scale whose divisions, infinite in number, 
corresponded to the different values, commensurable or not, of one 
same magnitude. To have the mathematical continuum of n dimen- 
sions. it will suffice to take n like scales whose divisions correspond to 
different values of n independent magnitudes called coordinates. We 
thus shall have an image of the physical continuum of n dimensions, 
and this image will be as faithful as it can be after the determination 
not to allow the contradiction of which I spoke above. 


4. The Notion of Point 


It seems now that the question we put to ourselves at the start is 
answered. When we say that space has three dimensions, it will be 
said, we mean that the manifold of points of space satisfies the defini- 
tion we have just given of the physical continuum of three dimensions. 
To be content with that would be to suppose that we know what is the 
manifold of points of space, or even one point of space. 

Now that is not as simple as one might think. Every one believes 
he knows what a point is, and it is just because we know it too well 
that we think there is no need of defining it. Surely we can not be 
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required to know how to define it, because in going back from defini- 
tion to definition a time must come when we must stop. But at what 
moment should we stop? 

We shall stop first when we reach an object which falls under our 
senses or that we can represent to ourselves; definition then will become 
useless; we do not define the sheep to a child; we say to him: See 
the sheep. 

So, then, we should ask ourselves if it is possible to represent to 
ourselves a point of space. Those who answer yes do not reflect that 
they represent to themselves in reality a white spot made with the 
chalk on a blackboard or a black spot made with a pen on white paper, 
and that they can represent to themselves only an object or rather the 
impressions that this object made on their senses. 

When they try to represent to themselves a point, they represent 
the impressions that very little objects made them feel. It is needless 
to add that two different objects, thongh both very little, may produce 
extremely different impressions, but I shall not dwell on this difficulty, 
which would still require some discussion. 

But it is not a question of that; it does not suffice to represent one 
point, it is necessary to represent a certain point and to have the means 
of distinguishing it from an other point. And in fact, that we may be 
able to apply to a continuum the rule I have above expounded and by 
which one may recognize the number of its dimensions, we must rely 
upon the fact that two elements of this continuum sometimes can and 
sometimes can not be distinguished. It is necessary therefore that we 
should in certain cases know how to represent to ourselves a specific 
element and to distinguish it from an other element. 

The question is to know whether the point that I represented to 
myself an hour ago is the same as this that I now represent to myself, 
or whether it is a different point. In other words, how do we know 
whether the point occupied hy the object A at the instant a is the same 
as the point occupied by the object B at the instant B, or still better, 
what this means? 

I am seated in my room; an object is placed on my table; during a 
second I do not move, no one touches the object. I am tempted to 
say that the point A which this object occupied at the beginning of 
this second is identical with the point B which it occupies at its end. 
Not at all; from the point A to the point B is 30 kilometers, because 
the object has been carried along in the motion of the earth. We can 
not know whether an object, be it large or small, has not changed its 
absolute position in space, and not only can we not affirm it, but this 
affirmation has no meaning and in any case can not correspond to any 
representation. 
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But then we may ask ourselves if the relative position of an object 
with regard to other objects has changed or not, and first whether the 
relative position of this object with regard to our body has changed. 
If the impressions this object makes upon us have not changed, we shall 
be inclined to judge that neither has this relative position changed; 
if they have changed, we shall judge that this object has changed either 
in state or in relative position. It remains to decide which of the two. 
I have explained in ‘ Science and Hypothesis’ how we have been led 
to distinguish the changes of position. Moreover, I shall return to 
that further on. We come to know, therefore, whether the relative 
position of an object with regard to our body has or has not remained 
the same. 

If now we see that two objects have retained their relative position 
with regard to our body, we conclude that the relative position of these 
two objects with regard to one another has not changed; but we reach 
this conclusion only by indirect reasoning. The only thing that we 
know directly is the relative position of the objects with regard to 
our body. A fortiori it is only by indirect reasoning that we think 
we know (and, moreover, this belief is delusive) whether the absolute 
position of the object has changed. 

In a.word, the system of coordinate axes to which we naturally 
refer all exterior objects is a system of axes invariably bound to our 
body, and carried around with us. 

It is impossible to represent to oneself absolute space; when I try 
to represent to myself simultaneously objects and myself in motion in 
absolute space, in reality I represent to myself my own self motionless 
and seeing move around me different objects and a man that is exterior 
to me, but that I convene to call me. 

Will the difficulty be solved if we agree to refer everything to these 
axes bound to our body? Shall we know then what is a point thus 
defined by its relative position with regard to ourselves? Many per- 
sons will answer yes and will say that they ‘ localize’ exterior objects. 

What does this mean? ‘To localize an object simply means to 
represent to oneself the movements that would be necessary to reach it. 
I will explain myself. It is not a question of representing the move- 
ments themselves in space, but solely of representing to oneself the 
muscular sensations which accompany these movements and which do 
not presuppose the preexistence of the notion of space. 

If we suppose two different objects which successively occupy the 
same relative position with regard to ourselves, the impressions that 
these two objects make upon us will be very different; if we localize 
them at the same point, this is simply because it is necessary to make 
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the same movements to reach them; apart from that, one ean not just 
see what they eould have in common. 

But, given an object, we can conceive many different series of move- 
ments which equally enable us to reach it. If then we represent to 
ourselves a point by representing to ourselves the series of muscular 
sensations which accompany the movements whieh enable us to reach 
this point, there will be many ways entirely different of representing 
to oneself the same point. If one is not satisfied with this solution, 
but wishes, for instanee, to bring in the visual sensations along with 
the museular sensations, there will be one or two more ways of repre- 
senting to oneself this same point and the diffieulty will only be in- 
ereased. In any ease the following question comes up: Why do we 
think that all these representations so different from one another still 
represent the same point? 

Another remark: I have just said that it is to our own body that 
we naturally refer exterior objects; that we earry about everywhere 
with us a system of axes to which we refer all the points of space, and 
that this system of axes seems to be invariably bound to our body. It 
should be noticed that rigorously we eould not speak of axes invariably 
bound to the body unless the different parts of this body were them- 
selves invariably bound to one another. As this is not the case, we 
ought, before referring exterior objects to these fictitious axes, to sup- 
pose our body brought back to the initial attitude. 


(To be continued.) 
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Ae the present time the importance of protozoa-study is recognized 
in all branches of biological science where, as single-celled 
organisms, they illustrate the manifold principles of living things. 
Thus it is in physiology, in cellular biology, in psychology and in 
general biology. There is one field, however, a field that is daily 
growing more extensive, in which the importance of protozoa has 
only recently been recognized, and this is the field of pathology. 
To the medical world for the most part, the group of protozoa 
consists of the few types of parasitic forms that cause human 
disease, and in this world any one who has a knowledge of Try- 
panosoma, or Ameba, or Plasmodium, is a student of the protozoa, 
while a deeper knowledge makes him a biologist. At the present time 
there are many students of the group in this sense, and the relations of 
protozoa to human welfare bid fair to be the most popular aspect of 
protozoan study, while in the public mind already the term protozoa is 
apparently the synonym of some new and fearsome thing. Commis- 
sions for the study of protozoan diseases have been appointed in many 
countries ‘and chairs for the study of protozoology have been established 
in the universities of Cambridge and London mainly for the study of 
the pathogenic forms of these unicellular animals. The present paper 
deals with a few aspects of this more recent field of protozoa work. 


Malaria 


Tew pathologists in good standing gave a thought to protozoa until 
after the malarial organisms had been worked out and the life history 
completely known through the researches of biologists and surgeons. 
Thanks to the work of Laveran, Ross, Grassi and Schandinn, there is 
no longer a phase in this disease that is unknown, and the relations of 
the various symptoms of the malady to stages in the life history of the 
organisms are perfectly established. I do not need to go into the 
malaria problem, for the life history of the organisms, their relations to 
the mosquito Anopheles, the coincidence of merozoite ‘spore’ forma- 
tion and pyrexial attacks of the disease, are familiar to all who have 
followed, even remotely, the progress of medical science. I will pass 
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on rather to less familiar problems that are to-day puzzling the medical 
world. 


Amebic Dysentery 


Since 1860 various forms of Ameba have been found in the human 
intestine. In 1876 Loesch first claimed these rhizopods to be the cause 
of dysentery, and since that time students of the subject have been 
about equally divided into supporters of Loesch and his opponents. 
In recent times, however, the belief is widespread that two forms of the 
disease occur, one of which, tropical, pernicious, or amcebic dysentery, 
is invariably accompanied by the rhizopod Hntameba luistolytica, 
which Schaudinn distinguishes from the ordinary harmless intestinal 
amoeba A. coli. This form becomes a tissue and _ cell-infecting 
parasite and to this characteristic it owes its malignancy. Mus- 
grave in the government laboratory at Manila has worked out the 
organism most carefully and has been successful in producing the 
disease in monkeys and other animals through cultures free from the 
ordinary forms of bacteria. The life history of the Amaba has been 
followed by Schaudinn, and in the present place this is perhaps more 
interesting than the pathological details. 

The Ameba has little structural detail, a nucleated cell with minute 
form changes, a slight differentiation into ectoplasm and entoplasm, a 
great power of reproduction, by division and by budding, leading to 
masses of the organisms in the intestine and attached organs, where 
intestinal lesions, liver abscesses and the like, become the characteristic 
features of the disease. One interesting phenomenon worked out by 
Schaudinn is the preliminary nuclear metamorphosis before spore 
formation. In the majority of rhizopods in which the life history is 
known the formation of conjugating gametes is preceded by fragmenta- 
tion of the nucleus either by division, or by a kind of nuclear secretion 
of chromatin. <A condition of the cell, known as that of the ‘ dis- 
tributed nucleus,’ results from this fragmentation and each fragment 
of chromatin becomes the nucleus of one of the gametes. Unfor- 
tunately, Schandinn gives no figures in his preliminary publication on 
Entameba, but his description tallies exactly with analogous processes 
in other rhizopods, notably in Arcella, Centropyxis, Difflugia and 
others. 

In Entameba as in these free-living rhizopods the spore-like bodies 
resulting from this distributed condition of the nucleus conjugate and 
so bring about a renewal of vitality of the parasite, favorable to the in- 
fection of new hosts. Musgrave has shown that these parasites may 
live a free life in ordinary drinking water and that infection takes 
place presumably in this way, and his observations indicate that 
Entameba is a facultative rather than an obligatory parasite of man. 
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Schaudinn regards Hnrtameba coli as a harmless commensal, but 
Entameba histolytica as a definite tissue-destroying parasite, a faculty 
which gives to this form of tropical dysentery its pernicious and often 
fatal characteristic. 


Rabies Furiosa 


From dysentery to hydrophobia seems a long jump and yet we may 
find that these two diseases and with them others apparently as diverse, 
as small-pox, sleeping sickness, ete., owe their malignancy to the de- 
structive action of protozoa on different tissnes of the body. I take up 
rabies next because the organism of hydrophobia agrees in many of its 
characteristics with that of dysentery, and belongs, as I believe, on the 
present evidence, in the group of rhizopods. 

Peculiar structures have been known for several years in the brain 
and nerve cells of animals with rabies. Negri, however, in 1904 was 
the first to suggest that these are as distinctive of hydrophobia as 
Plasmodium is of malaria, and he and his assistants suceceded in 
establishing the conviction that these ‘ Negri’ bodies are sufficiently 
characteristic to afford a quick and safe diagnosis of rabies. Beyond 
the suggestion that these bodies are organisms comparable to the small- 
pox organism as described by Councilman and his collaborators, Negri 
did not attempt to outline their systematic position. From the ap- 
parent absence of nuclei and other structures in the Negri bodies, 
pathologists have been inclined to interpret them as secretions, or 
degenerations of a specifie type, and very few have been hardy enough 
to regard them as protozoa. Among these few, however, is Dr. Anna 
W. Williams, of New York, who spent a summer at Woods Hole three 
years ago, working on protozoa, and who has done a great deal on 
pathogenic protozoa; and to her belongs the eredit of establishing the 
protozoon nature of these enigmatical structures. 

One of the curious features of pathogenic protozoa is that they are 
very refractory to the ordinary cytological stains, and do not behave 
like other cells under hematoxylin or methylin blue, ete. This is why 
the organism of syphilis was overlooked until last year, and this is why 
Negri failed to get any evidence of cell structure in his rabies organism. 
In all of his preparations and figures the bodies appear as highly 
vacuolated structures with no sign of nucleus or differentiated cell body. 
Dr. Williams, using the Giemsa stain, a method that has been singularly 
successful in staining delicate pathogenic protozoa, showed that not 
only do these Negri bodies have a definite structure with nucleus and 
cytoplasm, but also that a series of nuclear metamorphoses occur 
which are identical in their consecutive phases with the typical free- 
living rhizopods. Nuclear fragmentation takes place until as in 
Entameba or Centropyzis or Ameba, ete., the cell is filled with chro- 
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matin particles. Dr. Williams also showed that reproduction by divi- 
sion and by budding takes place, and she failed only to make out the 
conjugation processes. From my own study of Dr. Williams’s prepara- 
tions, I have no doubt at all that she is right about the organism, and 
believe that, under her name Neurorcytes, it should be grouped with the 
rhizopod-hke protozoa. 

This work on Neurorcytes is also very interesting from the side light 
it throws on the small-pox problem. Tere again, in certain phases of 
variola, we find curious intra-cellular and intra-nuclear bodies having 
a striking resemblance to the ordinary unstained forms of the Negri 
bodies. These small-pox bodies were early recognized as characteristic 
of this disease, and Guarnieri in 1892, believing they were protozoa of 
a specific kind, named the organism Cytorcytes variole. Perhaps the 
majority of pathologists to-day and many biologists, are opposed to this 
interpretation, and these bodies, like the Negri bodies, are more com- 
monly regarded as specific secretions or degenerations than as pro- 
tozoa. I have no doubt myself, from long study of these small-pox 
organisms, that they are protozoa, and )elieve that with fresh material 
and by using the stain which Dr. Williams has so successfully used for 
Neurorcytes, the last doubter will be convinced. 

At the risk of going somewhat far afield in pathological speculation, 
let me briefly call attention to one other possibility of amoeboid organ- 
isms and disease, viz., cancer. For years it has been known that 
vegetable cells in ordinary edible forms, like the cabbage or turnip, ete., 
may be stimulated to abnormal multiplication by rhizopod parasites. 
Such a parasite—Plasmodiophora brassice—enters the young root cells 
of a cabbage, stimulates those cells to an unwonted degree of multi- 
plication until great tumors are formed giving rise to the vegetable 
disease known as ‘club-root.”. The plant cells become storage reser- 
voirs of the spores of Plasmodiophora, and when the plant dies down the 
spores are liberated in the soil. Now it has been argued that if vege- 
table cells can be stimulated to abnormal activity, there is no real 
biological objection to animal cells being similarly stimulated to divi- 
sion by animal parasites, and some pathologists have gone so far even 
as to see in certain cell inclusions of cancer peculiar bodies which they 
compared with the Plasmodiophora spores. 'The comparison, however, 
ean not be sustained, and withont going into the subject extensively I 
may say in short that nothing has ever been seen in cancer cells that 
can be interpreted as a protozoon parasite. This, however, does not 
weigh against the parasite theory of eancer—a. theory which I per- 
sonally, believe to be the only one that satisfactorily explains the 
disease. The organism of yellow fever has never been seen, but no 
one doubts the parasitic nature of that disease and the fact that the 
virus or the germs of yellow fever pass throngh the finest Berkefeldt 
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and Chamberland filters indicates that we have to do in this disease 
with organisms too minute to be seen. Ultra-microscopic protozoa are 
not the only ones which will do this, for small ameebe may, under 
pressure, be forced through some of these filters, while in a few organ- 
isms, notably the flagellates, there are some phases in the life history 
when the individuals become so small that they are no longer dis- 
cernible with the highest powers of the microscope. ‘This is the case 
in certain of the trypanosomes and spirochetes, which are now known to 
cause some of the most malignant of human diseases. 


Trypanosoniasis aud the ‘ Sleeping Sickness’ 


In this country, and indeed in temperate zones generally, there is 
no dread of trypanosomes, and ‘sleeping sickness’ is more often the 
subject of thoughtless jest than of intelligent consideration. In Eng- 
land, where African interests are more keenly followed, a deep interest 
is taken in this matter, and the Liverpool School of Tropical Medicine 
deals largely with trypanosomiasis. In his presidential address before 
the British Association for the Advancement of Science, meeting in 
South Africa last summer, Colonel Bruce said: 


Trypanoscmiasis in man, the ‘sleeping sickness,’ which occurs on the west 
coast of Africa, particularly in the basin of the Congo, has within the last few 
years spread eastward into Uganda, has already swept off some hundreds of 
thousands of victims, is spreading down the Nile, has spread all round the 
shores of Lake Victoria and is still spreading southward round lakes Albert 
and Albert Edward, and now threatens the Transvaal and Zululand. 


Many different species of trypanosomes are known, and the normal 
habitat is the blood. No form of vertebrate is exempt, the blood of fish 
and amphibia, reptiles, birds and mammals forming suitable culture 
media for their growth and reproduction. In some stages of their life 
history they apparently become intra-cellular parasites, lose their 
flagella and membranes and assume the gregarine-like form. In man 
they may be either comparatively harmless flagellates, swimming about 
in the blood plasm, or, by bursting of the capillaries, they mav pene- 
trate the membranes of the brain and spinal cord and give rise to the in- 
variably fatal disease of man—' sleeping sickness.” The presence of Try- 
panosoma gambiense in the human blood gives rise to the * trypanosome 
fever’ of Africa, not much worse apparently than is malaria in this 
country, but when the parasites enter the nervous system and congre- 
gate in the cerebro-spinal fluid, or in the ventricles of the brain, the 
result is invariably fatal. The result of this nerve-invasion is the ap- 
pearance of various nervous symptoms like apathy, lassitude, trembling, 
and, finally, somnolence, increasing to a phase of intense coma and 
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death in from three to twelve months. Death usually is due to the 
disorganization of the nervous system, but in chronic cases it may 
follow from weakness and emaciation, or, in acute cases, it may result 
from the blocking of the capillaries by the parasites. 

The full life-history of the organism of sleeping sickness is not yet 
known. In all blood-dwelling protozoa, however, the infection is 
earried from individual to individual by some intermediate host, usually 
a blood-sucking invertebrate. Trypanosoma gambiense is thus trans- 
mitted from man to man by the tsetse fly, Glossina palpalis; Trypano- 
soma brucei, the ‘tsetse fly disease’ of horses, by Glossina morsitans ; 
Trypanosoma lewist is carried from rat to rat by the louse, Hema- 
topinus; T. ziemanni from owl to owl by the mosquito, Culex pipiens. 
Nor are the intermediate hosts limited to the insects. Trypanoplasma 
borreli, for example, is transmitted from carp to carp by the fish leech, 
Piscicola geometra. 

The history of the trypanosomes in the digestive tracts of these 
various carriers has been made out in several cases, although by no 
means in all. In the gut of the leech, of the louse, Zamatopinus, and 
of the mosquito, three different species of Trypanosoma have been 
worked out by different and competent observers, and in all cases it has 
been found that this environment is the scene of the most important 
phases in the life history of the parasite, viz., the conjugation stages, 
which lead to renewal of vitality. The flagellate parasites thus agree 
in the main features of their life cycles with the malaria organisms in 
man and in the insect host Anopheles. Indeed, so widespread is this 
phenomenon that we are justified in assuming, where actual evidence is 
not forthcoming, that similar important processes take place in all in- 
termediate hosts, and that we must look for conjugation phases of the 
parasite of Texas fever (cattle) in the tick (Boophilus bovis), and of 
sleeping sickness in the fly (Glossina palpalis). On the other hand, 
we are justified in assuming a protozoon parasite, even though the para- 
site is not known, in cases where its existence has been proved in an 
intermediate host. ‘This is the case, for example, in yellow fever, where 
a definite inenbation period of the parasite of about twelve days in the 
mosquito Stegomyia fasciata is known, and where it is fully established 
that, apart from this mosquito, no other means of transmission of the 
disease exists. 

Associated with the Trypanosoma diseases, although not yet estab- 
lished, are those curious maladies of India and similar countries, known 
as dum-dum fever, kala-azar, splenomegaly, ete. ‘The infection may be 
general or localized, and curious structures, known as the Donovan- 
Leischman-Wright bodies, have been observed in the spleen of dum-dum 
fever patients, in the lesions in ‘tropical wleer,” Delhi boil, ‘ oriental 
sore’ and the like, and these bodies have been interpreted as stages in 
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the history of some Trypanosoma. At the present time, however, it ap- 
pears much more likely that they are more nearly related to the 
hemosporidia than to the flagellates, and Laveran and Mesnil’s view 
assigning them to the genus Piroplasma, the same genus as the parasite 
of Texas fever, may be accepted. 


Diseases due to Spirocheta 


Closely allied to Trypanosoma is the genus Spirocheta, a similar 
flagellate belonging to the order Monadida. In its general cork-screw 
shape it resembles Sprrtllum, one of the bacteria, but differs from this 
by reason of its plastic body and general mode of life. Many different 
species have been described, and considerable difference of opinion exists 
as to whether they should be classed as bacteria or as protozoa. One 
well-known form—Spirocheta obermeieri—has long been recognized as 
the cause of relapsing fever, and has been recently shown to be the 
eause of human tick fever in Africa, which is carried from man to 
man by the tick (Ornithodorus moubata). The organism of relapsing 
fever, however, does not seem to have a typical flagellate structure; 
there is unmistakable evidence of transverse rather than longitudinal 
division ; its nucleus is distributed like that of a bacillus, and Novy has 
shown that it reacts like some bacteria during plasmolysis. ‘The need 
of an intermediate host in the case of African tick fever seems to be 
the one distinctive protozoan characteristic. 

While Spirocheta obermeieri is perhaps a doubtful protozoon, there 
is less doubt in the case of other species, some of which have un- 
questioned flagellate characters, including typical nuclear structures, 
longitudinal division and the hke, while in a number of species an 
undulating membrane analogous to that of a trypanosome can be made 
out. Some of the better known species are: Spirocheta dentium of the 
mouth; S. refringens of ulcerating tumors; S. gallinorum a blood para- 
site of fowls, and S. anodonte, parasitic in the crystalline style of the 
mussel Anodonta mutabilis. A similar parasite, described first as S. 
balbiani, is found in the crystalline style of the ovster, but it has so 
many trypanosome characteristics that it is now called Trypanosoma 
balbiani. It serves to illustrate the close relationship between these 
two genera. 

It is to this group of parasites that Spirocheta (Treponema) 
pallida, the cause of syphilis, belongs. The organism was discovered a 
year ago, and since that time has been submitted to the widest range 
of pathological research. A full life history has been published by 
Siedlecki and Krzyszakowicz, and some of the stages described by them 
are strikingly similar to those of Trypanosoma. Schaudinn regards it 
as sufficiently distinct from other Spiroehata species to justify a new 
generic name and calls it Treponema pallidum. 
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The organisms causing the several diseases that I have dealt with 
in the preceding account fall in three of the four great groups of 
protozoa, the Znfusoria alone being unrepresented. The causes of 
tropical dysentery, of rabies, and possibly of small-pox, are related to 
the ordinary rhizopod types; the causes of sleeping sickness, trypano- 
somiasis and syphilis belong to the animal flagellates, and here, pos- 
sibly, belongs the organism of yellow fever; the causes of malaria, and, 
probably, of splenomegaly, dum-dum fever and the like belong to the 
sporozoa. 

The effects of these different parasites upon their hosts differ in 
different cases. Sometimes they poison the host by the lberation of 
toxins, as in the case of malaria or yellow fever; sometimes by local 
lesions or general tissue disorganization, as in tropical ulcer, sleeping 
sickness, syphilis and rabies; or sometimes by the mere mechanical 
obstruction to normal physiological processes by the accumulation of 
parasites in capillaries and ducts, while in still other cases the para- 
sites stimulate the latent dividing energy of tissue cells and lead to 
abnormal tumor-like growths. In many cases knowledge of the organ- 
ism and of its mode of life has led to preventive measures and to the 
great saving of human life. In yellow fever, for example, the war- 
fare on mosquitoes will stop entirely its epidemic nature and, thanks 
to Carroll’s brilliant experiments, yellow fever to-day, like malaria or 
trichinosis, is an advertisement of ignorance or criminal negligence 
in communities where it exists. Preventive measures hold down the 
ravages of small-pox, anti-rabic serum lessens the malignancy of hydro- 
phobia, while different specifics are fatal to other kinds of parasitic 
protozoa, quinine to Plasmodium malarve, mercury to Treponema 
pallidum, and recently Koch's specific to Trypanosoma. With the 
knowledge of these other pathogenic protozoa and of their modes of 
life investigation will bring out the means of combating them and 
thus of reducing human suffering, and this prospect if for no other 
reason, is a full justification of the many commissions that have 
been appointed, and of the vast sums of money that have been spent, 
to further protozoan research. 
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THE MAKING OF THE GRAND CANON OF TILE COLORADO 


By PRoFEssoR A. R. CROOK 


CURATOR, ILLINOIS STATE MUSEUM OF NATURAL HISTORY 


HE Grand Caton of the Colorado furnishes the most impressive 
- illustration of caion-making forees to be found, and presents a 
fascinating chapter of world listory. 

Nearly every visitor to the Canon attempts an explanation of the 
manner of its making, and their explanations may be broadly grouped 
under five tvpes—the explanation of the Indians who for centuries 
have inhabited the Colorado River region, that of one of the oldest 
white settlers in Arizona, that of a suecessful Chicago business man, 
that of a famous literary man, and finally that of men who have studied 
various phases of world making long enough to have learned the chief 
principles involved. 


The Indians who have lived in Arizona, generation after genera- 
tion, might be expected to have some notion of the origin of the Canon. 
Their explanation is that a wise chieftain long mourned the death of 
a beloved wife. Finally, in pity, one of the gods made a great cleft 
m the earth, took the chieftain to the Happy Ilunting Ground to see 
his wife; and then upon their return, fearing that others might go 
that way, the god hurled a river in the cleft where it is now flowing, 
effectually barring the way against intruders. The * god-made * theory 
of the Indians is unsatisfactory as the infant science of any race 
always ls. 

The explanation of one of the oldest settlers in the region is hardly 
better. It is that of the widely-known John Hance. One morning 
he entertained the writer with the picturesqne stories which he has 
poured into the ears of many an amused traveler, telling how thirty 
years ago he went froin the Atlantie coast to Arizona to find room for 
his energies. In the east he was crowded. In Arizona he found oppor- 
tunity to expand. A few years ago he used to tell that he dug the 
canon, but says that he no longer makes the statement, because a little 
girl asked him where he put the dirt! The man-made explanation 
of the white man is no more satisfactory than the god-made theory of 
the Indian. 

A Chicago business man who knows how to make dollars, thinks 
he knows how the cafion was made, and after visiting it said to the 
author: “1 tell you how that eafion was made. Once there was a 
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gigantic volcano. It exploded with such fury that one side became 
the finest dust and the other toppled over and now forms the channel 
through which the river is flowing.’ Much nearer to the truth than 
any of these explanations is that of Joaquin Miller. He suggests that 
the cation is due to an underground river which worked away like the 
Green River has done in Mammoth Cave. Finally the roof fell in and 
behold the Grand Cafion. A picturesque explanation is Miller’s and 
better than any of the others. Its truth consists in representing the 
river as the active agent, its error in the underground idea. 

The geologist knows that the Colorado River cut out the whole 
canon and regards the region as the finest example of river work on a 
grand seale in the world and as the type of all that is gigantie in dis- 
placement and denudation. The manner in which the river accom- 
plished its tremendous task can be more easily comprehended by con- 
sidering a number of facts; first, such as relate to the geography of the 
region; second, to its topography; third, to its stratigraphy and petrol- 
ogy: fourth, to its denudation and displacements. These different 
groups are closely interwoven with each other and the facts marshaled 
in one group are dependent upon those in all of the other groups. 

Many tourists returning from the state of Colorado report that they 
have visited the Grand Canon of the Colorado when they have simply 
seen the canon of the Arkansas River—a canon which would be a mere 
scratch in the side of the Grand Canon. To see the chief canon in the 
world they should have journeyed several hundred miles farther towards 
the southwest, to the region where a canon 200 miles long has cut off 
the northwest corner of Arizona from the remainder of that. state. 
Most tourists will now make their visit at the point called Grand Canon 
Post Office, while the more fortunate ones will go east to Grand View 
and west to Cataraet Creek. The railroad from the main line has 
been built to a well-chosen point where the cation is a dozen miles wide 
and where for fifty miles to the east and west it is most gigantic and 
impressive. Within this region it displays all the salient points in its 
topography, suceession of geological formations, different kinds of rocks, 
and erosion and sculpturing. So that one inqniring about the origin 
of the canon can obtain all the factors to the answer in this loeality. 

Thanks to the good topographic map which the government. has 
issued, one does not have to guess at the distances and depths in the 
region. One may refer to the map and not be disappointed. Accurate 
measurements do not rob the depths and distances of their magnifi- 
cence, nor is exaggeration there necessary for impressiveness. 

The new survey shows that the elevation of the plateau through 
which the river has carved its path is between seven and eight thou- 
sand feet above sea level. At the head of the cation the elevation of 
the river is twenty-five hundred feet. and by the time it has flowed 
two hundred miles to the end of the cafion it is only a thousand feet 


420 POPULAR SCIENCE MONTHLY 


Fig. 8. NEARLY FIVE THOUSAND FEET OF ROCK STRATA. OPPOSITE, A WALL A DOZEN MILES 


DISTANT. 


above sea level, The distance between the top walls is from three to 
fifteen miles, and does not accord with the reports and pictures of the 
early government expeditions to the region. From El} Tovar Hotel 
and the Grand View one sees the canon at its broadest stretch, where 
for more than fifty miles it is a dozen miles wide and is filled with 
buttresses and buites, towering from two to five thousand feet above 
the river. 

The rm of the northern wall presents a nearly horizontal line. 
But a bird’s-eve view from the western end of the cafion would show the 
country to the east to be divided into four plateaus, each dipping lke 
cakes of ice in a river till met by its neighbor. The plateau north of 
the visitor at E]} Tovar Hotel is one of the blocks that has been raised 
highest and consequently has brought up the lowest rocks and exposed 
them to the corroding action of the river. 

If with a high buzz-saw we could cut through the country from 
east to west for three hundred miles and could move out the section 
nearest us, we should see that the face of the eut opposite is composed 
of a series of blocks higher towards the west and slipping down towards 
the east. What we are unable to do in this regard has in a manner 
been done for us, since for ages the Colorado River has been eating 
away and has exposed the outlines of the blocks and the various geo- 
logical formations so plainly that they are easily distinguished. 

Seated on the rim in some favorable spot. one sees the different 
formations spread out as clearly as if diagrammed in a text-book on 
geology. The Naibab plateau, just to the north shows six or seven 
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formations belonging to the four great rock systems. At the top is the 
bluish limestone which weathers into fantastic buttresses and pinnacles, 
many of them so dizzily perched as to give a constant challenge to the 
winds or to man to topple them from their precarious position and 
hurl them a thousand feet below. My companion could hardly find 
time to sleep, so great was his delight in prying off great blocks of 
stone and listening to their terrible crunch and roar as they fell hun- 
dreds of feet, striking a ledge here and there and finally crushed to 
powder, or, still in gigantic mass, they rested a thousand or more feet 
below. This top formation, which Powell called the ‘ Fortification 
limestone,’ is the ‘ Upper Aubrey’ limestone. It is about five hundred 
feet. thick. 

Next below it, can be seen the great white four hundred feet wide 
band of Upper Aubrey sandstone which stretches like a ribbon in sight 
for fiftv miles and more to the east and west. Its walls are even more 
precipitous than those of the Aubrey hmestone. 

Below it are a thousand feet of shelving red sandstone which form 
the ‘ Lower Aubrey.’ - These three formations—the Upper Aubrey hme- 
stone and sandstone, and the Lower Aubrey sandstone—constitute the 
Upper Carboniferous system which is so familiar to the inhabitants of 
the Mississippi Valley states as the source of coal, but which in this 
region is not coal bearing. 

Following the Upper Carboniferous a shelf of shales leads out to 
the precipitous wall of the great ‘Red Wall’ limestone, which, with 
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its six hundred feet of deep red cliffs, presents one of the most striking 
members of the landscape. The Red Wall constitutes the Lower 
Carboniferous of the region. 

Then there is a terrace— The Esplanade ’—often several miles in 
width, composed of green shales and sandstones. It is the ‘ Upper 
Tonto’ formation. It leads by gentle slopes to the brink of another 
precipice, which is formed by the quartzites and hard sandstones of the 
‘Lower Tonto.” The Upper and Lower Tonto are the local names of the 
formation composing the system known the world over as the Cambrian. 
Together they are about seven hundred feet thick. The Lower Tonto 
forms the capping of the inner cation in the Bright Angel region. 


Fic. 5. HURLING Rocks OVER THE Rim. Upper Aubrey Limestones, Sandstone and Lower 
Aubrey Sandstone seen on Cliff two miles distant. 


Below it are jagged, twisted, dark-colored inctamorphie rocks, whieh 
represent the Archrean—the oldest system of rocks in the world. 
Tourists eall these rocks ‘ granite, but they ‘are schists and gneisses. 
They are in layers and have been subjected to extensive folding. The 
river has eut through the Archean rocks to a depth of over a thousand 
feet and produced walls so precipitous that in most places a sure-footed 
prospector could not eling to them. Between them the river runs with 
the greatest speed and fury. 

The visitor may see all these formations from the upper rim, but 
as he descends to the river and passes them in succession, he obtains 
a clearer idea of their relations and characteristics. They are clearly 
differentiated by constitution, structure and color. <A study of these 
various strata makes it evident that the topography of the country is 
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largely due to the difference in the kinds of roeks whieh the river en- 
counters in its journey from the mountains to the sea. 

Leaving the immediate vicinity of the caton and going to the north, 
the tourist would come upon various younger geological formations 
which at one time buried the whole region. Although from ten to 
fifteen thousand feet thick, they no longer remain in the vicinity of the 
eahon, haying been washed away by flowing water after the elevation 
of the land in early Eocene times. When that was accomplished and 
the country for miles around was comparatively level, the land was 
again gradually raised and the river began in Neocene times to cut 
the outer canon. When it had cut down to the Tonto terrace— The 


Fic. 6. [IN THE HEART OF THE CANON. Archaean Rocks capped by Tonto Strata, whieh dip 


towards the River. 


Esplanade “—elevation ceased and the river wandered back and forth 
in a lazy manner, widening instead of deepening its channel. Since 
in that arid region there was not enough rainfall to wash down the 
side walls, they have remained precipitous, while the main stream has 
had time to push them back until they are a dozen miles apart. Then, 
in the Pliocene, slow elevation of the platean began again, causing the 
river to run swiftly and renew its carving. This action is proceeding 
at the present time with the result of deepening the inner canon. 
Standing on the eanon’s rim and Jooking down upon the immense 
gulf, one marvels that so small a river could have accomplished so 


Cle 
D'S 


roaring river below and puts his hand into the rushing water and feels 


antie a work. But if he laboriously descends to the brink of the 
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its burden of sharp sand driven along with great force, he obtains some 
conception of the efficiency of the tool. Quartz sand is harder than 
any of the common minerals in the rocks. Hurled by the rushing 
water against the sides and bed of the river, it cuts out a path through 
the rocks as a file does through soft iron. 

Volcanic explosions had nothing to do with the making of the cafion. 
If they had, there would be voleanie rock over all the region instead of 
in isolated patches, and all the topographic forms would be different. 
he canon is not the result of cracking apart of the earth’s crust. If 
it were, the rock layers would dip away from the cafion; opposite sides 
would not match; they would lack marks of cutting parallel to the 


Fie. 7. AT DAWN IN THE CANON, 


bedding; their configuration would je independent of alternating hard 
and soft layers. ‘Phe extensive cracking and faulting which does exist 
has been at right angles io the canon and has presented different kinds 
of rocks for the river to work upon, thus producing variously shaped 
walls. As the river carves into succeeding strata the crust is weakened 
and various buttresses sink towards the river. 

Thus all signs lead to the conclusion that fire did not make the 
eanon, nor did wind, nor earthquake, bnt that it was made by the same 
agent which in an hour carves tiny channels in a garden after a rain 
storm. That agent was running water, the water of the Colorado as 
for unniimbered vears it has been flowing from snowy Rocky Mountain 
ridges to the hot sands which border the Gulf of California. 
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NOTES ON THE DEVELOPMENT OF TELEPHONE SERVICE 


By FRED DE LAND 
PITTSBURG, PA. 


I. he Llectric-Speaking Telephone 


HE desire to transmit speech over long distances probably dates 
back to the first wide separation of loved and beloved. That 
many methods have been suggested for the transmission of speech 1s 
of record. That speech has been mechanically or acoustically trans- 
mitted over many hundred feet of taut string and practically straight 
wires, during several hundred years, is true. That the ‘lover’s tele- 
phone* is a toy that has amused several generations is well known. 
That there were musical (not speech) telephones and sound (not 
speech) microphones nearly a century ago is an interesting fact. That 
prior to 1876, many men devoted much thought to the problem of the 
electrical transmission of speech is granted. 

Nevertheless, the facts are that no authentie record has been found 
proving the existence of a practical method of speech transmission over 
long-distances, either electrical or mechanical, prior to the invention 
of the electric-speaking telephone by Alexander Graham Bell. 

Moreover, while certain devices not invented by him are in use on 
telephone lines, each and all are but refinements or conveniences of 
the svstem. The broad fundamental method conceived by Alexander 
Graham Bell, in 1874. nnderlies the electrical transmission of speech 
im any form, and in any portion of the world. And Bell's method has 
been in no wise changed since its promulgation in Jetters-patent, in 
1876. though thonsands of the brightest minds in all eivilized countries 
have striven for nearly thirty years to find another way, some other 
way, any other way, to transmit speeeh electrically. 

Fighteen months passed by after the method coneeived and per- 
fected by Alexander Graham Bell beeame public property. and tens 
of thousands of Bell’s telephones went into daily commercial use, before 
the first of the many claimants publicly asserted a prior right to the 
discovery of the art of transmitting speech electrically. Yet, not one 
could make his apparatus convey speech, except through a utilization 
of Bell's method and, in some eases, only by using Bell’s receiver. 

Thus the only reasonable conclusion that men in seareh of the truth 
ean arrive at is ‘that for physical and mathematical reasons it is not 
possible to have any method except the way that Alexander Graham 
Kell found’ And that was the sworn testimony unwillingly given by 
the experts employed hy the followers in his footsteps. For the evi- 
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dence filed in a score of courts shonld satisfy all honest and unbiased 
minds that Bell’s way is not only ‘the only way’ in which an electric- 
speaking telephone can transmit speech, but the absence of any earlier 
published description of a conception of a method similar in character 
ic that first promulgated by Alexander Graham Bell proves that speech 
never was successfully transmitted electrically prior to its transmission 
by him. 

After inventors, electricians and scientists had experimented with 
Bell’s telephone for nearly two years, Dr. C. J. Blake told the eminent 
gentlemen who had gathered in London, in May, 1878, to hear his 
interesting lecture on the telephone: 

When we consider the complex character of the waves resulting from the 
production of articulated sounds, and the loss in the excursions of the reeeiving 
disk (in the telephone), the wonder grows that this piece of metal can by its 
mechanical vibration reproduce so clearly and distinctly the delicate shades of 
quality of the human voice. That this should have been so perfeetly accom- 
phshed is the result, not of inspiration, but of laborious research, and the 
instrument of which we reap the benetit to-day is the product, not merely of 
the genius, but of the patient and persistent labor of Alexander Graham Bell. 

In other words, the achievement of the seemingly impossible in the 
invention of the electric-speaking telephone came not through utilizing 
the idea or suggestion of another, nor in improving a philosophical or 
experimental iistrument advertised and sold for many years. prior to 
1575, as a telephone: neither was it gained in a momentary imspira- 
tion, nor through automobile rushes along the by-paths of superficial 
education. 

This creation of a new art followed as the natural outcome of an 
original and magnificent conception that won the plaudits of scientists 
m all lands. The invention of the electric-speaking telephone (not 
the string telephone, nor the make-and-break musical telephone) fol- 
lowed im natural sequence. ‘The combination of diaphragm and electro- 
magnet was the outgrowth of conception and perfected theory, and 
formed a practical materialization of both. And conception, theory 
and apparatus were the honestly earned fruits not only of the mventor’s 
‘imitellectual capacity and precision of thought’ but of a thorough 
knowledge of the essential elements in every factor entering into the 
problem of speech transmission; a knowledge gained through long and 
patient research, through many experiments, through financial ex- 
penditiures that involved personal deprivations and hardships and 
necessitated the strictest self-denial, and through discouraging criti- 
cisins and jitter ridicule on the folly of wasting time and money in 
“a scientific toy.’ 

The magnitude of the masterly conception of creating, controlling 
and varying the strength or tlow of the clectrie current by the spoken 
words, and making that current the vehicle for the transmission of 
the form or quality as well as the piteh and strength of the spoken 
words, and of delivering at a distant point the same words, with the 


inventing 
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piteh, strength and quality unchanged; the comprehensive scope of the 
newly-created art of speech transmission; the remarkable transmitting 
qualities of the first of all electric-speaking telephones; and the prompt- 
ness with which the inventor placed before the public a full and com- 
plete knowledge of his invention and of the essential steps leading to 
his application for letters-patent, all go to prove the possession in. 
ISs74-6 of an unnsual knowledge on the part of Alexander Graham 
Bell, the mere remarkable in view of the slight grasp electricians then 
possessed of magnetic action and the interrelation of the magnetic 
field and the electric current. 


If. The Telephone Exhibit at the Centennial Exposition 


In 1874. Alexander Graham Bell evolved his magnificent concep- 
tion of the transmission of speech over long distances by means of the 
electric-speaking telephone. Theoretically it was perfect; practically 
it had no tangible existence. Men eminent in their respective pro- 
fessions. to whom he confided his plans in the autumn of 1874, ad- 
mitted that while in theory the undulating-current method * was ade- 
quate to the transmission of speech,’ yet the electrical effect produced 
by the vibration of a diaphragm-armature actuated only by the human 
voice * would be entirely too small to accomplish the desired end. In 
fact, so complete was the absence of practical knowledge concerning 
ihe eleetrieal effect that would be produced by causing the spoken word 
to vibrate an armature in front of an electro-magnet that the experts, 
most competent to pass upon the value of such an invention as the 
electric-speaking telephone, testified that the state of the art was such 
at the date of the patent that it could hardly have been supposed that 
a magneto-generator moved by a force so shght as the spoken word, 
‘would under any circumstances be able to generate an electric cur- 
rent which would produce upon a receiving instrument any effect what- 
ever which wowd be perceptible to the senses.’ 

Discouraging though the advice and the suggestions of his friends 
proved, and disheartened thongh he was by ill-health and the lack of 
funds to carry on his telephone experiments, never did the inventor 
allow aught to divert his firm purpose of transforming that marvelous 
theory into a tangible speech-transmitting telephone. 

In 1874, Alexander Graham Bell occupied the chair of vocal physiol- 
ogy in the Boston University, and supplemented his lectures ‘ by ex- 
perimental demonstration of the practicability of correeting stammer- 
ing. stuttering, Hsping, burring and other defeets of speech’ To a 
class composed exclusively of teachers of the deaf who had been sent 
te Boston by various institutions for the deaf throughout the United 
States, he delivered courses of lectures upon the subject of teach- 
ing articulation to deaf pupils, experimentally demonstrating his 
methods by giving instruction to deaf-mmntes. He also had a class of 
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young women who desired to qualify as teachers of articulation in 
schools for the deaf. Then he had also undertaken the general educa- 
tion of a young deaf-mute child who came to him at the age of five 
vears, in October, 1872. 

Thus it was easy to understand how fully oecupied the daylight 
hours were with his professional duties, and how any experimental 
and research work must necessarily be carried on late at night when 
most persons had retired. For while ‘ the income from his professional 
labors was a fairly good one it was his only means of support.’ If he 
gave up his classes, he would have no income to expend upon experi- 
ments, nor even to live upon. 

Yet that is what he did in 1875. At the end of the term he dis- 
missed his classes and by the end of July, 1875, had given up all pro- 
fessional work save the education of the deaf lad and occasional lec- 
tures at the Boston University which he had long before been paid to 
deliver, and the income from which he had expended in telephone 
experiments. Thus the only income he was in receipt of at the end 
of July was for teaching the httle deaf boy. Ile would not give up 
trying to solve the problem of speech transmission, and thus he bor- 
rowed what money generous friends would loan him. and started in to 
demonstrate the. practicability of his theory. 

All the world knows how well he sueceeded, and that no better way 
has been found during all the years that intervene. In October, 1875, 
he cominenced to prepare the specifications for the patent office, and 
had his appleation ready for filing before the end of the vear. Then 
he waited on friends in Canada who desired him to take no action that 
would be prejudicial to patents they proposed taking out in foreign 
countries. These friends failing to respond to his proposition, he 
finally decided to wait no longer. In December he submitted his apphi- 
cation to the patent attorneys in Washington: it was signed and sworn 
to in Boston on January 20, 1876, and filed in the Patent Office early 
on February 14. On March 7, 1876, he was granted the fundamental 
patent covering both method and apparatus. 

Marly in November, 1875, the need of funds to enable him to live 
forced Alexander Graham Bell to again take up his professional work, 
and he was soon ‘ lecturing at various normal schools upon the subject 
of articulation teaching. A little later he established a large normal 
class in Boston, and to be able to properly illustrate his methods, gave 
free instruction to such deaf-mutes as would serve as subjects for 
demonstration. Thus by the spring of 1876 he was again in receipt 
of a fair income and began to repay the sums friends had loaned to him. 

On May 10, 1876. at the solicitation of his friends, he read a paper. 
entitled “Researches in Telephony, to the members of the American 
Academy of Arts and Seiences. Therein he touched upon the inven- 
tions of Gray and Reis, and the discoveries of Page, Marrian, Beatson, 
Gassiot, De la Rive, Matteucei, Guillemin, Wertheim, Wartmann, 
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Janniar, Joule, Laborde, Legat, Poggendorif, DuMoncel. Delezenne, 
Ferguson, Panl la Cour, Helmholtz, Gore, Sullivan and others, giving 
due eredit to each. Then he described his undulating current and 
his electric-speaking telephone, for which letters-patent had been 
granted, and made it clear to his hearers that the essential factor m 
this problem was not the devising of a definite form of instrument or 
tube. nor an apparatus having definite structural peculiarities. nor the 
combining of a certain number of parts into an operating whole. — It 
was to so cause the electric current to flow that the receiver would not 
only reproduce a few or a majority or about all of the spoken words 
that impinged on the diaphragm of the transmitter in the form of 
sound waves, but would reproduce each and all and every one of the 
variations in the articulations, loudness and pitch and quality, with all 
their varving characteristics. whether expressed in the slightest whisper, 
in the soft voice of the cultured woman, in the sonorous rounded sen- 
tences of the dignified professor. or in the quick, abrupt remarks of 
the man of affairs. 

And it may be added that the discovery and practical application 
of the method so deseribed by which the changes in the current 
strength in a telephone diaphragm were brought about forms the es- 
sential and underlying principle of every successful electric-speaking 
telephone designed since Alexander Graham Bell created the art of 
telephony, a composite art, combining magnetism, ¢clectricity, acoustics, 
phonetics, mechanics and engineering. 

Gardiner Greene Hubbard was m charge of the Massachusetts edu- 
cational exhibit at the Centennial Exposition. Ie insisted on placing 
the primitive telephones on exhibition in that seetion if no more suit- 
able place could be secured. Alexander Graham Bell’s time was too 
fully oceupied with his professional work to give the subject any atten- 
tion, and he really did not eare whether the telephones were exhibited 
at the Centennial or not. Class examinations In his school were ap- 
proaching, and he was far more interested in perfecting the knowledge 
of the members of his classes who were going forth to instruct deaf 
children in speech and speech-reading, than in a mere display of an 
invention that he had completed. patented and had described in a 
public lecture. An exhibit meant more or less outlay. Ile was still 
in debt to his friends. and the funds to repay his friends must come 
from the income from his school. Therefore the school would be taken 
care of to the exclusion of the Centennial. 

Nevertheless, Mr. Hubbard secured some telephones and certain 
telegraphic mstruments, and placed them on a table m the space 
allotted to the department of education and seience of Massachusetts, 
which oceupied a portion of the gallery at the east end of the main 
building. This inodest display was labeled ‘'Telegraphie and Tele- 
phonic Apparatus. By A. Graham Bell It meluded his system of 
harmonic telegraphy. and his method of transmitting articulate speech 
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electrically. There were two membrane-diaphragm magneto-tele- 
phones, which conld be used either as transmitters or as receivers. The 
only difference was that in one a single-pole electromagnet was used 
and a double-pole electromagnet in the other. The armature of each 
electromagnet consisted of a small piece of steel spring glued to the 
eenter of the membrane which was three inches in diameter. The 
castings were of brass, mounted on black-walnut base-boards, and the 
eones were of japanned tin (Pig. 1).7 A third form of speaking tele- 


Bell’s Centennial Single Pole 


Magneto Telephone. 
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Bell’s Centennial Double Pole Magneto Telephone. 
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phone was shown, intended to be used only as a receiving instrument. 
The electromagnet was enclosed in a hollow box of iron, and a lid of 
iron was used as an armature. This hd formed a thin eircular metallic 
diaphragm, resting by its edge upon the rim of the iron box, its central 
portion not quite touching the pole of the electromagnet underneath. 
This receiver could be placed in circuit with either one of the mem- 


*'The illustrations shown (Figs. 1 to 5) are reproduced with permission 
from the general brief of the American Bell Telephone Company presented in 
‘The Telephone Appeals, before the Supreme Court of the United States, Oc- 
tober term, 1SS6. 
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brane telephones. Upon placing the ear against the lid of the box 
the articulation of the person speaking into the membrane telephone 
was audible, proceeding from the lid (Fig. 2). A fourth form of 


Bell's Centennial [ron Box Magnet Receiver, 
Fre, 2: 


speaking telephone was shown, intended to he used only as a trans- 
mitter. It consisted of a metallic ring supported horizontally. carry- 
ing a stretched membrane, to the center of which was fastened a 
platinum wire dipping into a little cup containing acidulated water 
and was referred to as the liquid transmitter (Fig. 5). In addition 


“WA URUBINIT Deageme 


i 


Sy 


or 


Bell's Centennial Liquid Transmitter. 


Fig. 5. 


to these telephones, one of Koenig's manometric capsules was shown, 
arranged for studying optically the peculiarities of the electrical cur- 
rent generated by the movements of the membrane in the telephone. 

Of telegraphic and signaling apparatus there was an excellent dis- 
play at the Centennial. as well as a historical collection of great value 
showing the evolution of magnetic and electric signaling. But of 
other electrical apparatus there was only a meager display. All was 
included in Group XXY.. Instruments of Precision. 
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Learning that the Centenmial judges had arranged for a special 
inspection of certain telegraph and electrical apparatus on Sunday, 
June 25, when only those specially invited would be present and the 
building would be comparatively quiet, Mr. Hubbard sent a telegram 
requesting Graham Bell to arrive in Philadelphia not later than Sun- 
day morning. But the class examinations were of far more impor- 
tance just then than any explanation he could give the judges. So 
Graham Bell decided not to go. ‘Then he received a message that Mr. 
Hubbard's daughter, Mabel (who a year later became Mrs. Bell), was 
leaving for Philadelphia, and hurried to the station in Boston to bid 
her good-bye. Mabel was as anxious as was her father to have Graham 
Bell explain his invention to the judges at the Centennial, and when 
she found that his sense of duty to his elasses outweighed her influence, 
woman-like she burst into tears just as the train started. This was 
more than Graham Bell could stand. so he jumped aboard the moving 
train and with neither ticket nor baggage went through to Philadelphia. 

As the weather was excessively hot in Philadelphia on Saturday 
evening Mr. Hubbard went to his Washington home ‘ tired ont.? Sun- 
day was another hot day, and after the judges had completed their 
inspection of all the other exhibits, and ‘when it was already late, and 
the allotted time very nearly exhausted’ and while ‘it was very warm, 
and signs of impatience were becoming manifest on the part of some 
of those present. Graham Bell extended an invitation to the judges 
to inspect lis telephones. 

After some delay and discussion the judges proceeded to the Massa- 
chusetts section, where the apparatus was exhibited on a small table 
in a narrow space ‘ between the stairway and the wall. Accompanying 
the judges were a large number of distinguished visitors, including the 
emperor of Brazil. Fortunately. but a short time before, the emperor 
had visited Graham Bell's school in Boston and had become interested 
in the method of instruction and also in the telephone. When Graham 
Bell saw that the emperor was with the judges he did not dream that 
his brief interview would be recalled. But Iis majesty cordially 
greeted him and spoke so enthusiastically about the telephone. that, 
tired as the judges were, they concluded to investigate thoroughly its 
merits. And from that moment the future of the telephone was assured. 

Chief among ihe judges was Sir William Thomson (now Lord 
Kelvin). then and now the world’s leading electrical scientist. He 
listened at the receiver, while Graham Bell's assistant talked into the 
transmitter. Sir Wilham then went to the distant transmitter and 
repeated certain Hines from Hamlet, which were heard as the receiver 
passed from one visitor to another. Forgotten was all thonght of 
fatigue, of heat and discomfort. and nearly every visitor was glad of 
the opportunity of going to the end of the Hne and talking into that 
erude transmitter. 
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The line extended from one part of the building to another, and the trans- 
mitting and receiving ends were sufliciently far apart to prevent the possibility 
of the speaker’s voice being directly heard at the receiving end through the air. 

Only the membrane magneto transmitter and the iron box receiver, 
were used. In recounting the enthusiasm that was aroused, Professor 
Barker said: 


I was greatly astonished and delighted to hear for the first time the trans- 
mission of articulate speech electrically. The mode of operation of the instru- 
ment was obvious at once, as soon as it was exhibited: it was one of those 
marvelously simple inventions that causes one to wonder, on seeing it for the 
first time, that it had not been invented long before. 

At the close of the inspection Sir William Thomson expressed his 
regret that his wife had not been present to participate in sueh a 
marvelous experiment as the electrical transmission of speech, and 
asked Graham Bell if similar experiments eould be enjoyed the follow- 
ing evening. Graham Bell replied that the apparatus was at the dis- 
posal of the judges and that they might experiment to their heart’s 
eontent; but that he must be in Boston Monday morning in order to 
take eare of the elass examinations. To him, his school was of far 
more importance at that moment than ‘the scientific toy” he had been 
chaffed about for many months. He left for Boston that evening and 
never returned to the Centennial. 

That same evening the eminent English scientist, T. Sterry Hunt, 
wrote to Graham Bell: 

I am informed that you leave to-night for Boston, so I take this way of 
congratulating you on your success to-day. I returned to my hotel with Sir 
William Thomson, and dined with him. He speaks with much enthusiasm of 
your achievement. What yesterday he would have deelared impossible he has 
to-day seen realized, and he declares it the most wonderful thing he has seen in 
America. You speak of it as an embryo invention, but to him it seems already 
complete: and he declares that, before long, friends will whisper their secrets 
over the electric wire. Your undulating current he declares a great and happy 
conception. 

On the following day the telephones were removed to the judges’ 
pavilion, and on that Monday evening many experiments were carried 
on. Wires were first run from a table in the private rooin of the 
speeial jury on instruments of precision to a table placed in the hall- 
way near the main entranee. Owing to the thmness of the partitions, 
and the possibility of the lond-spoken words being heard over so short 
a distanee, the wires were extended and the transmitter and table were 
earried some distance out-of-doors. Sir William Thomson and Lady 
Thomson were present and conversed with each other. Sentences were 
read from the New York Tribune, such as ‘the American residents in 
London have decided to celebrate the Fourth of July,’ and as each sen- 
tence was received Sir Willhaim Thomson would write it down in his 
note book and then go to the transmitting end of the line and compare 
what he had heard with what had been read. Most of the routine 
transmitting was done by Professor Watson, of Ann Arbor, whose voice 
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appeared to transmit most readily. “ The particular instruments ac- 
tually used were the ‘membrane telephones’ as transmitters and the 
‘membrane telephone’ and ‘iron box magneto receiver’ as receivers.” 
At the end of the week these instruments were replaced in the exhibit 
space in the gallery. 

During that week thorough experiments were carried out and at 
their conclusion an award was made to Graham Bell by the judges of 
the group, while a special report drawn by Sir William Thomson, and 
a general report prepared by Professor Joseph Henry, secretary of 
the Smithsonian Institution and chairman of the judges, was published 
by the government. 

Sir William Thomson said, in part: 


In addition to his electric-phonetic multiple telegraph, Mr. Graham Bell exhibits 
apparatus by which he has achieved a result of transcendent scientific interest 
—the transmission of spoken words by electric currents through a telegraph 
wire. To obtain this result, or even to make the first step towards it—the 
transmission of different qualities of sounds, such as the vowel sounds—NMIr. 
Bell perceived that he must produce a variation of strength of current in the 
telegraph wire as nearly as may be in exact proportion to the velocity of a 
particle of air moved by the sound; and he invented a method of doing so—a 
piece of iron attached to a membrane, and thus moved to and fro in the neigh- 
borhood of an electro-magnet—which has proved perfectly successful. ... This, 
perhaps the greatest marvel hitherto achieved by the electric telegraph, has 
been obtained by appliances of quite a homespun and rudimentary character. 
With somewhat more advanced plans, and more powerful apparatus, we may 
eonfidently expect that Mr. Bell will give us the means of making voice and 
spoken words audible through the electric wire to an ear hundreds of miles 
distant. 


The chairman, Professor Joseph Henry, in his official report, said: 


The telephone of Mr. Bell aims at a still more remarkable result, that of 
transmitting audible speech through long telegraph lines. In the improved in- 
strument the result is produced with striking effect, without the employment 
of an electrical current other than that produced by the mechanical action of 
the impulse of the breath as it issues from the lungs in producing articulate 
sounds. . . . Audible speech has in this way been transmitted to a distance of 
three hundred miles, perfectly intelligible to those who have become accustomed 
to the peculiarities of certain of the sounds... . 


Another of the judges was Professor I. A. P. Barnard, president 
of Columbia College. A little later he publicly stated that 
Of all] instruments of precision and research which the group of Centennial 
judges was called upon to examine, there was none that occasioned greater 
interest or that they regarded as of higher novelty and importance than the 
speaking telephone of Professor A. Graham Bell, 
and he was confident 
that the name of the inventor of the telephone would be handed down to pos- 
terity with a permanent claim on the gratitude and remembrance of mankind. 
Graham Bell was confident that he could transmit speech from 
Boston to Philadelphia, and, after his class examinations were over, 
he endeavored to secure the use of a telegraph circuit for that purpose, 
but failed because all ‘were too busy.” Mr. Hubbard endeavored to 
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secure a circuit from Philadelphia, but was unsuccessful for the same 
reason. 

On July 11, 1876, Graham Bell varied the shape of the iron arma- 
ture by attaching to the membrane a thin disk of Tagger’s iron, almost 
as large as the membrane. ‘The next day he gave one of these tele- 
phones to Sir William Thomson. It is said that during the trip home 
the armature became bent, and useless in that condition. Neverthe- 
less, Sir William used it to illustrate to the members of the British 
Association for the Advancement of Science how Graham Bell’s tele- 
phone was the most marvelous of all the wonderful exhibits he had 
seen in America. 

Graham Bell continued his experiments in improving the telephone, 
and finding that the large iron disk was far superior to the small arma- 
tures previously used, he concluded to dispense with the membrane 
altogether. This he did in October, 1876. On fastening a thin disk 
of steel in front of the electromagnet, conversation was carried on 
more easily than ever before. Referring to this improvement. Mr. 
Storrow said: 

Perhaps the most important contribution which Mr. Bell made towards 
improving speaking telephony, after the great conception and original instru- 
ment of his first patent, consisted in the wonderful sensitiveness and quickness 
of operation which he introduced into the instrument of the second patent, in 
consequence of the conviction which he reached by study, thought and experi- 
ment, that by so proportioning and combining all his parts as to sacrifice 
absolute strength to absolute quickness, he could obtain the best results; and 
then his innumerable experiments led him to the surprising discovery that a 


piece of sheet iron was much quicker and more faithful in following the delicate 
changes required for speech than the most delicate membrane is. 


Nine years later the commissioner of patents, under date of March 
0, 1885, wrote: 

Bell’s patent was issued on the 17th of March, 1876. At the Centennial 
Exposition, held at Philadelphia that year (1876), he exhibited his telephone, 
and it was adjudged by such eminent scientists as Professor Henry, Sir William 
Thomson, of England, and Professor Gray, one of the contestants herein, to be 
a success, and the world recognized Bell as the first inventor of a speaking 
telephone. The indications are that it was not until the promised reward for 
so important a public service became visible that his claim of priority was 
called in question by any of the parties to this interference. 

That all the efforts of the several contestants who had attempted to pro- 
duce a speaking telephone were failures seems clear from the record: that Bell 
was the first to give to the world the art of transmitting articulate speech, and 
the apparatus by which it could be successfully practised, was substantially 
conceded tor a long period after his success in that behalf was placed beyond 
doubt. Whether or not these several contestants had the instrumentalities 
and appliances at that time from which success might have been realized if 
those instrumentalities had been better understood is of little consequence. The 
history of their experiments is a history of recorded failures. 


III. Devising the Telephone Huchange System 


Thirty years ago this summer the annual mecting of the British 
Association for the Advancement of Science was held in Glasgow, 
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Scotland. On that occasion men eminent in their respective profes- 
sions listened with the deepest interest, while the president, Sir 
William Thomson (now Lord Kelvin), gave a vivid description of his 
visit to the Centennial, and stated that the most marvelous of all the 
wonderful exhibits he had seen in America was a pair of rudely-con- 
structed telephones ! 

Then he explained to the members how surprising it all seemed 
when on that memorable Sabbath in June, 1876, to his listening ear 
came the words spoken at the distant end of the line; and he added: 

All this my own ears heard, spoken to me with unmistakable distinctness by 
this cireular disk armature of just such another little electro-magnet as this 
which I hold in my hand... . This, the greatest by far of all marvels of the 
electric telegraph, is due to a young countryman of our own, Mr. Graham 
Bell, now becoming a naturalized citizen of the United States. Who can but 
admire the hardihood of the invention which devised such a very slight means 
to realize the mathematical conception that, if electricity is to convey all the 
delicacies of quality which distinguish articulate speech, the strength of this 


current must vary continuously and as nearly as may be in simple proportion 
to the velocity of a particle of air engaged in constituting the sound? 


Sir Wiliam Thomson was then and is now the leading electrician 
of the world. And it was this generous endorsement of Alexander 
Graham Bell’s invention that brought the telephone to the attention 
of scientific bodies in all countries, and led learned men in all lands 
to investigate its merits and to strive to improve its technical value. 
For in its remarkable simplicity the invention was a disappointment 
to many men, until practical experience demonstrated that the more 
elaborate copies were no more serviceable as speech-transmitting de- 
vices than the primitive original instrument. Nor during all the in- 
tervening years that have elapsed since 1876 has any inventor or any 
mechanician or any scientist ever suggested a more complete or a 
simpler description of the conception of the electric-speaking telephone 
and its governing principles than Graham Bell embodied in his appli- 
cation for a patent. 

Yet that simple invention has exerted a far more potent influence 
than any of the more attractive fruits of inventive genius in revolu- 
tionizing and enriching custom and method in almost every branch of 
industry, of commerce and of society. And no other invention has so 
marvelously increased the scope of human usefulness and intelligent 
activity. With its aid time and distance are virtually eliminated, and 
Maine and Missouri and Mississippi and Minnesota are distant from 
each other only the length of a telephone call. 

Yet marvelous as was the achievement of inventing the electric- 
speaking telephone, equally meritorions was the breadth of mind that 
could entertain at a time when poverty was pressing a prophetic vision 
of one vast transcontinental telephone system uniting every important 
village, town and city with wire highways over which messages would 
speed as quickly as thoughts are spoken. 
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Had the telephone been sold outright, in place of being leased for 
use in designated territory, it is very doubtful if a transcontinental 
system could have been established, or the full intercommunicating 
value of the telephone developed. For it is one of the few natural 
monopolies. Foreign telephone experts say that the American tele- 
phone system has no equal in scope and efliciency, which is a gratifying 
endorsement, in view of the fact that the foundations of this American 
‘ranscontinental system were not laid by men long skilled in an estab- 
lished art, or men who wielded the power inherent in great financial 
resources, but by men who strove against the combined forces of com- 
plete absence of telephonic experience. practise and knowledge, of the 
destructive power of the elements, and of human greed that would 
publicly rob vested right and good name. 

Had these pioneers comprehended all that was to be endured, the 
losses, the bitter competition, the costly litigation, how many would 
have had the courage to imperil funds and business reputation in so 
hazardous an undertaking? For never before did an industry progress 
so rapidly as is recorded of the art of telephony, none ever had to face 
such costly, peculiar and ever-expanding demands, and none was ever 
so bitterly and so unjustly assailed. 

These pioneers soon found that one set of telephone equipment 
would scarcely be installed by a local company before it would have to 
be displaced by improved apparatus, if the field was to be held. Or an 
unexpected marvelous growth in the number of subscribers would 
compel complete rebuilding of lines and the installation of more im- 
proved apparatus. Came storms of wind and sleet wrecking miles of 
pole line; flashed the lightning, burning out every coil in the plant; 
came the newly-inyented electric lights rendering the service useless 
after night-fall until circuits were rearranged; came the trolley, 
making metallic circuits a technically and a judicially determined 
necessity; all in the brief span of eight years. ‘Nothing is constant 
but change, was a sentiment readily subscribed to by pioneer tele- 
phone men. 

Yet notwithstanding discouragements, disasters and hardships, of 
a character unknown before, the dream of yesterday is the realization 
of to-day. For now there are nearly three million telephones con- 
nected to this one transcontinental system, receiving service over a 
total wire mileage exceeding five million miles, while the actual cash 
investment in new construction alone expended by the companies 
forming this great system during the past five years only aggregates 
two hundred millions of dollars. 

How came the first commercial telephone exchange to be devised? 
is a question often asked. The idea of a central exchange telephone 
system was one of Graham Bell’s earlest conceptions in connection 
with the possible utilization of the telephone. Thus it came in the 
natural development of so useful a public-service function as telephone 
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service. Prior to the exhibition of the telephone at the Centennial 
Graham Bell had frequently discussed with his partners, Mr. Hubbard 
and Mr. Sanders, the great value of a telephone exchange system cover- 
ing an entire city, while in the lectures delivered in various cities 
during the winter of 1876-7 Graham Bell outlined many of the prin- 
cipal features that later were embodied in the early telephone ex- 
changes. 

However, it should be borne in mind that by reason of the exist- 
ence in the larger cities of local telegraph central offices or exchanges, 
operating on lines somewhat similar to the early telephone exchange, 
the probable usefulness of a telephone system should have appealed to 
many whose experience with an intereommunicating system might have 
enabled them to forecast the development of the telephone exchange 
system. But the contrary appears true. 

The central district-telegraph offices were in existence ten years 
before the invention of Bell’s electric-speaking telephone. Through 
one ‘ central’ the banks and the clearing-house were connected. Stoek 
quotations and the premiums on gold were sent to brokers through 
another. Many lawyers maintained a ‘central’ in one city. In a 
second city the steel mills and factories were thus connected; while in 
a third city the newspapers maintained a telegraph exchange. 

But none of these systems afforded communication other than by 
electrical apparatus mechanically operated, as, for instance, a dial tele- 
graph, or a printing telegraph system, or an ordinary Morse key and 
sounder; apparatus and methods in no wise requiring the aid of the 
eoinplex exchange mechanism known as the modern telephone switch- 
board. Nor were there any known means prior to 1876, of distant 
oral communication, aside from the speaking-tube. Yet, in many cities, 
the telegraph ‘ central’ was the nucleus from which the respective local 
telephone exchange was evolved. 

For after the newspapers and the magazines had made known the 
high esteem in which Sir William Thomson and other scientists held 
Graham Bell's telephone, a number of these ‘ central district’ com- 
panies, operating electrical communieating circuits investigated the ad- 
visability of adding this new device as a side issue, or were invited to 
make a trial of the telephone in the belief that it would prove a good 
revenue producer. After investigating the merits of ‘ Bell’s scientific 
toy’ as many called it, some of these electric-service companies could 
pereeive no profit in introducing this ‘ toy,’ placed no commercial value 
on its serviceability in affording communication over distanee, or com- 
prehended its usefulness. And it may be safely stated that, in 1877, 
less than a score of men foresaw the marvelous future of the telephone 
or could grasp the meaning of its revolutionizing possibilities, or ever 
dreamed of such a phenomenal growth in so short a period as a quarter 
of a century. Even so experienced a man in the world’s work as a 
former president of the Western Union Telegraph Company declared, 
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early in 1877, that ‘the telephone could never be of any practical use 
in business affairs’; while men eminently successful in industrial and 
commercial circles ridiculed the inventor as ‘the man who is trying to 
make the people believe you can talk through a wire,’ and scoffed at his 
invention. 

But Graham Bell’s faith in the usefulness and the value of his 
invention and in its power to eliminate distance in many of the affairs 
of life never failed. He wasted no time lamenting over evil predic- 
tions of failure. To him life was rich in possibilities that come only 
in the dreams of the unselfish toiler for the welfare of others. And 
wisdom taught him that brooding never brought fruition. So, early in 
1877, he and his partner, Gardiner Greene Hubbard, planned the tele- 
phone exchange system somewhat along the lines it developed later, 
including a trunking-system to connect the different exchanges in the 
same city, toll lines connecting adjoining cities, suggested the use of 
aerial cables and underground circuits, as a substitute for the many 
wires they clearly foresaw would be required in the near future, should 
the system prove a success, and discussed the advisability of adopting 
either a fixed rental or flat rate per month or of charging for each 
‘switch’ or call, similar to modern measured-service methods. 

And though several companies and many individuals failed in their 
efforts to suecessfully introduce the telephone in their respective local- 
ities, and gladly seized the opportunity to surrender the license pre- 
viously obtained for a nominal payment, others were induced to con- 
tinue in the telephone business, only through the earnest assurance of 
Graham Bell and his associates that they were planning a compre- 
hensive system continental in its scope, and that, in perfecting these 
plans they were carefully considering every feature that would enable 
the public to rapidly derive the greatest possible benefit from Bell’s 
invention. 

That all these plans were thoughtfully considered and final decision 
made on a broad basis are clearly shown in the determination that the 
telephone should be leased and never sold, and that, while the installa- 
tion of private lines yielded an immediate profit, the exchange system 
was the only true field for development. Thus it came about that 
gradually Graham Bell won staunch supporters to his way of thinking, 
who comprehended the true function of the telephone and perceived 
the commercial possibilities in the telephone exchange system. These 
broad-minded and enthusiastic adherents sought prospective customers 
among men who had long felt the need of a different method of com- 
munication from any then in vogue, and found these patrons on every 
hand. 

As sufficient capital could not be secured in 1877-78 by Graham 
Bell’s friends to enable one company to establish telephone exchange 
systems in a number of cities, the only recourse open was to afford every 
encouragement in the establishment of local plants by men of local 
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influence or hustling ability, who shared in the optimistic views of 
Graham Bell and Mr. Hubbard. While this latter plan would provide 
the quickest method of meeting the universal demand that Graham Bell 
was confident would develop, it might not prove the best plan for the 
public in the long run. For it meant a large number of different 
companies, governed by as many different policies, and operating under 
an endless number of systems. While under one company only one 
policy would prevail, system, equipment and methods would be stand- 
ardized, and interconnecting lines built as rapidly as the necessary 
funds could be procured. ‘Thus it was to determine which was the 
better plan, that Bell licenses were at first issued only for limited 
periods of five or ten years, with the understanding that at the expira- 
tion of the agreed term, the Bell company could take over the local 
exchange system at cost price, if it so desired. 

Again it was quickly perceived that the true value of the telephone 
was intimately interwoven in the breadth and scope of the exchange 
system, and that its sphere of usefulness would be seriously curtailed 
unless combined with all the rights and privileges that a corporation 
secures from borough and township, county and state, rights that in- 
clude the building of pole lines on highways and streets, the stringing 
of aerial circuits and the placing of cables underground. In other 
words, that the local value of telephone service was in direct ratio to 
the physical expansion of the exchange system, and in its capacity for 
mecting the ever-varying requirements of local users. Without the 
telephone the exchange system wonld have no valne; without the ex- 
change system the telephone would have comparatively little value. 

By reason of the very nature of the invention, the right to use the 
telephone had to be safeguarded as few other patents have been, not 
only for the protection of the owner, but also that the leensee company 
might not suffer. A mowing-machine is a self-contained piece of 
mechanism that can be operated in any field, regardless of the number 
of or the absence of other mowers. The fewer mowing machines in a 
county the greater the probable profit of the owner of a machine in- 
tended for general use, and the greater its usefulness in a farming com- 
munity. On the contrary, the fewer telephones in a county the more 
limited the value of the service to the public. While the greater the 
number of telephones and the more comprehensive the scope of exchange 
and toll system, the richer the benefits conferred upon the public, pro- 
vided all telephones in the county are intercommunicating. 


(To be continued.) 
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THE JEWS: A STUDY OF RACE AND ENVIRONMENT 


By Dr. MAURICE FISHBERG 


NEW YORK CITY 
Il. Marriages. 


()* E of the most important causes of the low birth rate of the 
Jews is their low marriage rate. Only about fifty years ago an 
unmarried Jew was very rare in Europe, while an old maid was hardly 
to be met with in the Ghetto. They then followed closely the rab- 
binical ordinances: “It is the duty of every Israelite to marry as early 
in life as possible. Lighteen years is the age set by the rabbis; any 
one remaining unmarried after his twentieth year is said to be cursed 
by God Himself. Some rabbis urge that children should marry as 
soon as they reach the age of puberty, 2 e., the fourteenth year. A 
man, who, without any reason, refuses to marry after he has passed 
his twentieth year is frequently compelled to do so by court.” + 
These Talmudical ordinances are not observed to-day by the bulk of 
European and American Jews, and their marriage rates are much 
below those of the christian populations among which they live. 
Taking first statistics of the crude marriage rate, 1. e., the annual 
number of marriages per 1,000 population, we find in every country 
in Europe, where data are available, that the rates for the Jews are 
lower, as can be seen from the following table: 


: No. of Marriages per 1.000 Population. 
Country. | Period. aaa es 
Jews. Christians. 

ADOT A a wtso teeeedchieaseets ceetws eg afte 19038 9.12 8.17 
TST ANN ioe b edhe anced ates Aaya 1903 7.10 8.27 
MPTUSS1: secrete anre Reed keel leek 1904 GOL 8.56 
BaNa lla stvetss es teen ie ban kote aeons 19038 7.80 7.70 
European Russia........ccecceseeeeeees 1897 7.37 9.48 
Warsaw, Poland........ccccecceseeeees 1901 6.71 8.72 
RoOumania .......cccccsceveecsscneeereaes | 1902 | 10.30 18.7 
PLUM BAI ed sosseheteds ttvek eedbeee regan’ 1900 8.04 8.84 
BOWE NT deere. eee ew code retake 1900 74 § 26 
Waited i statesin: cccccsketsccooesed eves 1886-90 7.40 


It must be emphasized that even these figures do not give an ade- 
quate idea of the low marriage rates of the Jews, because the Jewish 
population contains a smaller number of children and larger proportion 


** Jewish Encyclopedia,’ Vol. VIII., p. 347. 
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of adults of marriageable ages. If statistics of the number of mar- 
riages per 1,000 Jews over fifteen years of age, and especially of un- 
married adults, were obtainable, the rates for the Jews as compared 
with the christians in Europe would show that they are yet less apt 
to marry than the figures in the above table indicate. Thus it was 
found in Berlin during the census of 1900 that of all persons over 
twenty years of age the following percentage were married: 


Men. Women. 
JEWISH Sadie eK RS he eee alee Y 51.62 per cent. 52.51 per cent. 
CUIISUATE 255% Sete es baa ews 60.38 per cent. 53.83 per cent. 


‘These low marriage rates, which are only a recent social phenomenon 
among the Jews, are not confined to western Europe. Even in Russia, 
where the bulk of the 5,000,000 Jews live to-day under strict adherence 
to their faith and traditions, early marriages are less frequent than 
among the christians. The poor muscular development of the eastern 
European Jews, which has in part been attributed to early marriages, 
will have to be explained by some other causes. The following figures, 
from the census of Russia of 1897, give the percentage of persons who 
married at certain ages, both among the Jews and among the general 
population of the so-called ‘ Pale of Settlement.’ 


Men. Women. 


HEC i General | | yeneral 
Jews. Population. | Jews, | Population. 
20 and less 5.95 Sh.22 27.76 55.01 
21 to 25 43.73 35.64 | 51.23 31.57 
26 to 30 34.05 18,94 12.68 6.96 
31 to 35 6.52 5.61 6.69 2.80 
36 to 40 | 3.34 3.30 1.86 1.65 
41 to 45 1.75 2.13 0.90 | 0.97 
46 to 50 0.54 1.41 0.81 0.61 
51 and over 3.07 1.65 1.07 0.42 


It appears from this table that the Jews in Russia marry later in 
life than the christians in that country. Only 5.95 per cent. of all 
the Jews who married in 1897 were less than twenty years of age, while 
about five times as many christians married at this youthful age. 
Even among the Jewesses only 27.76 per cent. married before reaching 
twenty, as against double that number, 55.01 per cent., among christian 
women. Marriages between twenty and thirty, on the other hand, are 
more frequent among the Jews—77.78 per cent. as against only 54.58 
per cent. among christians, and 63.91 per cent. among the Jewesses, 
and 38.53 per cent. among the christian women. Finally, marriages 
among persons at advanced ages, over thirty, are contracted in about 
ihe same proportions in both groups. In general, Russia has an ex- 
traordinarily large number of youthful marriages. Nowhere in 


THE JEWS: RACE AND ENVIRONSIENT 443 


western Europe is there to be found more than four per cent. of bride- 
grooms under twenty vears of age. This is of course due to the 
numerical predominance of agricultural workers with a communistic 
arrangement of the village community. The Jews in that country 
live mostly in cities, are either manufacturers, merchants, etc., or 
skilled mechanics, Marriage among such people must be postponed 
till business assures a secure income, or till the individual has attained 
skill in his trade or profession. The low birth rates of the Jews in 
Russia (compared with the non-Jewish population of that country) is 
here partly explained. The later an individual marries, the shorter 
is the period of the married state, and the number of children to be 
expected is smaller. In fact the census of 1897 showed that there 
were five per cent. more unmarried Jews than unmarried christians, 
as can be seen from the following figures: 


Jews. Greek Orthodox. 


Social State. | _ eee eee Ss | ee en Tee 

| Men. Women. Men. | Women. 
Cipla icant | 61.20 57.35 55.95 52.09 
Married............ | 36.76 36.07 40.28 | 39.42 
Widowed ......... 1.82 6.01 3.68 8.36 
Divorced........... | 0.16 i 0.49 0.03 0.04 


In this connection it is interesting to note that the percentage of 
protogamous marriages is smaller among the Jews in Russia than 
among the general population. The marriages between bachelors and 
maids constituted 83.73 per cent. among the general population and 
only 80.72 per cent. among the Jews. Second marriages are more 
frequent among the Jews; and contrary to the almost general experi- 
ence that widowers are more likely to marry maids than widows, the 
Jewish widowers in Russia more often marry widows. These peculiar- 
ities are explained by social customs. 

We can find nothing in the above figures which would indicate 
any racial influence on the marriage rates of the Jews. In fact the 
evidence indicates that it is purely a social phenomenon. The Jews 
in eastern Europe marry earlier and have a smaller proportion of 
eclibates than their coreligionists in western Europe. because the latter 
enjoy on the average a better social and economic prosperity. When 
compared with their non-Jewish neighbors in eastern Europe, the 
Jews have a lower marriage rate, because they have very few agricul- 
tural laborers, and have, on the other hand, a larger number of mer- 
chants, skilled workmen, etc., whose birth rate is lower among all 
peoples in Europe. In oriental countries, like Palestine, Turkey, 
Persia, Morocco, Algeria, Tunis, etc., where the Jews live under a 
primitive culture, and are entirely unaffected by any occidential in- 
fluences, the Jews to-day marry very early. Husbands at fourteen and 
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wives at the same age are not uncommon. Their birth rate is also 
above that of the non-Jewish population in those countries, as was 
shown to be the case in Algeria. 

In western Europe and America, where the Jews have been in- 
tensely influenced by the occidental social environment, their marriage 
rates are low. But even here conditions have not always been the 
same as we find them to-day. Statistics of marriage rates in the 
beginning of the nineteenth century show conclusively that then the 
Jews married earler and had comparatively fewer celibates than the 
christian population of Germany. ‘Their economic, social and cultural 
condition at that time was about the same as that of the Jews in eastern 
Europe to-day. Even as late as 1861 to 1870 Austrian statistics show 
that 34.3 per cent. of all the Jews who married were less than twenty- 
four years of age, as against only 17.6 per cent. of christians who mar- 
ried thus early; 23.5 per cent. of the Jewesses were married at this early 
age, and only 15.1 of christian women. Conditions have changed 
recently, as was shown above, going hand-in-hand with the change in 
the sum total of the social, economic and intellectual conditions in 
which the Jews find themselves at the beginning of the twentieth 
century. 


Consanguineous Marriages 


The extraordinarily large number of physical and mental defectives 
met with among the Jews in Europe has been in part attributed to the 
frequency of marriage of near kin among them. All available statis- 
tical evidence shows that consanguineous marriages are much more 
often contracted among Jews than among others. Jacobs, adopting 
Sir George H. Darwin’s method, shows that in England 7.5 per cent. 
of all Jewish marriages are between cousins, while among Englishmen 
only two per cent. are of this class. Stieda found that in Lorraine the 
proportion of consanguineous marriages is 1.86 per thousand ordinary 
marriages among the protestants, 9.97 among catholics, and 23.02 
among Jews. In Hungary marriage of near kin can only be con- 
tracted after a special permission has been obtained from the civil 
authorities. The data on the subject in that country are therefore 
reliable. During 1901 such permission was granted 270 times to 
Jews and 1,217 times to others. On a basis of the population, it 
thus appears that the Jews obtained proportionately about five and one 
half times as many permits as the christians. Among a thousand 
christian marriages 5.8 were between cousins, while among a thousand 
Jewish marriages there were 39.3. In Prussia the rates were in 
1872-5, among the Jews 23.08 per thousand ordinary marriages; 
protestants, 14.68, and catholics, 9.98. From figures collected by 
Treitel in Berlin it appears that during 1900 the proportion of con- 


THE JEWS: RACE AND ENVIRONMENT 445 


sanguineous marriages was among the Jews 23.3, and among protest- 
ants only 6.1, per 1,000 marriages. 

It is doubtful whether this inbreeding is the cause of most of the 
diabetes, insanity, idioey, deaf-mutism, ete., encountered among the 
Jews. It is at present the consensus of opinion that consanguineous 
marriages contraeted by healthy individuals are not at all detrimental 
to the offspring. But when contracted by defectives, the physical or 
mental defect is likely to appear in a more accentuated form in the 
progeny. It must in this connection be mentioned that consanguineous 
marriage among the European population rarely exceeds one per cent. 
of all marriages and is more frequent, as a rule, in the country than 
in the city. ‘The Jews, as city dwellers, ought to have a still smaller 
proportion of marriages of near kin. 


Mixed Marriages. 


The prevailing opinion that Jews have always refrained from in- 
termarriage with non-Jews is erroneous. Biblical tradition shows 
clearly that the ancient Hebrews intermarried freely with their Gentile 
neighbors. Some of the most important patriarchs (Abraham, Joseph, 
Moses) and kings (Solomon) had gentile wives. ‘The prophets, Ezra 
and Nehemia, both arraigned the Hebrews for their carelessness in this 
respect and appealed to them to maintain the purity of the race of 
Israel. A study of their history shows that the Jews have always more 
or less intermarried with the races and peoples among whom they lived. 
This was particularly the ease during the Hellenic period, and in 
Spain for some time before their expulsion, Only during medieval 
oppression and perseeution, rigid eonfinement in the Ghettos and strict 
isolation have the Jews married exclusively among themselves. 

In recent times the Jews again began to marry with christians in 
Europe and in America. In some countries this intermarriage has 
assumed such proportions as to threaten the integrity of Judaism. 
A survey of the census statistics published in various European coun- 
tries reveals that wherever the Jews are subject to special adverse legis- 
lation, segregated in Ghettos and deprived of friendly social inter- 
eourse with their non-Jewish neighbors, very little or no intermarriage 
occurs. This is particularly the ease in oriental countries, like Turkey, 
Persia. Moroeeo, ete., and also in semi-oriental countries, like Russia. 
There intermarriage is prohibited by law; unless the Jew first aecepts 
christianity or mohammedanism, he may not marry a gentile. On the 
other hand. in western Europe, where he enjoys all the privileges of a 
free citizen, mixed marriages are of frequent oeeurrence. In fact, in 
some countries even more frequent than intermarriage between eath- 
olics and protestants. 
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| ; | To 100 Pure Jewish Marriages there are Mixed. 


COURIEY: Eetiod, | Husband. | Wife. | 
| Christian. | Christian. Total. 
Copenhagen...... ' 1880-1903 _ | _ 65.38 
Germany ......66. 1901-1904 8.01 | 9.26 17.27 
Prussia ...ececceees 1875-1879 5.37 4.46 9.83 
oc ie a OE Te 1880-1884 5.11 5.25 10.36 
RES Mi gien a | 1885-1889 5.89 6.46 12.35 
HES | este aun, | 1890-1894 6.22 | 6.34 12.56 
| oer reer 1895-1899 | 7.91 | 9.04 16.95 
BO. Peasants 1900-1904 9.02 | 10.24 19.26 
Berlin..,...........5 1875-1879 16.43 19.64 36.07 
Sie Seat uecunak oy 1895-1899 13.07 21.05 34.12 
Ln Serer rere | 1904 15.10 24.00 39.10 
Bavaria.........065 | 1876-1880 2.18 1.68 3.85 
GPS oct. aeee 1881-1885 1.46 1.79 3.25 
OS oy 1886-1890 1.84 2.63 4.47 
OS Pe Mod eae 1891-1895 | 3.41 3.41 { 6.82 
BE OR eee | 1896-1900 | 2.97 5.87 8.84 
OG ee te A 19038 4,18 3.05 7.23 
Hesse cic 1866-1870 0.50 | — 0.50 
aa ee Sie 1871-1880 1.82 | 0.89 2.71 
BEE saan ies | 1881-1890 2.82 1.59 4,41 
Oe oN 1891-1900 3.06 1.90 4.96 
BS ee 1901-1904 3.16 | 4.17 7.33 
Amsterdam ...... 1899-1901 = | = | 9.45 
BED pec, 1902-1904 | _— — 15.08 
Hungary...........) 1895-1903 2.98 2.97 5.95 
Budapest........... | 1896-1900 Tielhly 6.11 | 13.33 
Mle .2tucs tamed 1901-1902 7.86 | 6.98 14.84 
Oe sesh ihe 1903-1904 | 8,22 8.84 | 17.06 


The German censuses are particularly reliable because they have 
been collected for many years with great care, with a view to eliciting 
the degree of assimilation of the Jewish population. During the four 
years 1901 to 1904 there were contracted in Germany 15,635 marriages 
between Jews and Jewesses, and 2,700 between Jews and christians. 
The mixed marriages constituted consequently 17.27 per cent. of the 
pure Jewish marriages, or one sixth of all the Jews who married 
married christians. It was also found that 8.01 per cent. of all the 
Jewesses and 9.26 per cent. of all Jews in that country married chris- 
tians. In other words, every twelfth Jewish bride and every eleventh 
Jewish bridegroom married a christian. 

The largest nuunber of mixed marriages in Germany are contracted 
in the province of Prussia. There statistics for twenty-eight consecu- 
tive years are available (1876-1904). during which 71,160 pure Jewish 
marriages were contracted; 4,740 between christians and Jewesses and 
5.062 between Jews and christian women. It was also established that 
the number of mixed marriages is constantly on the increase, as can 


be seen from the following figures: Average Annual 
Number. 
BM a aks cela iat Aon Mica ate stew at Praia eka tngltee Pad kek an Utah 239 
1 SS ESE S10 ye ae ee an gee era 433 


TO OOM. ee sr2eues fete sd ae 8 bya bpicd tee taeg ook aldSenerg Belen erate ie Bebepu ea 495 
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In Berlin the proportion of mixed marriages is about twice as 
large as in Prussia generally. During 1875-9 the average annual 
number was 101; during 1895-9 it was double, 201; during 1898- 
1902, 212, and in 1904 it rose to 246. During the last mentioned year 
24 per cent. of all the Jews who married married christian women, 
and 15.1 of the Jewesses married christians. In other words, every 
fourth Jew and every seventh Jewess in Berlin who married during 
1904 married a christian. 

In the other provinces of Germany mixed marriages are also more 
or less frequent. The record for Hamburg is, during 1896 to 1900, 
that 5 per cent. of Jewesses and 8.3 per cent. of Jews marry outside 
of their faith. In Bavaria during the twenty-five years, 1876-1900, 
it was found that to every 100 pure Jewish marriages contracted, 5.35 
were contracted between Jews and christians. That these marriages 
are on the increase is shown in the table on page 446. ‘The percentage 
was 3.87 in 1876-80 and 9.0 in 1904. Similarly in Hesse, where in 
1866-70 only one in 200 Jews who married, married a christian, mixed 
marriages have since been on the increase, so that during 1901—-t the 
mixed marriages amounted to 7.33 per cent. of the pure Jewish mar- 
riages. Even in Amsterdam, where the most orthodox Jews are living. 
and up to about fifty years ago, hardly any Jew married out of his 
faith, there are to-day a very large number of such unions. During 
1899-1901 the mixed marriages constituted 9.45 per cent. and during 
1902-8 the proportion increased to 15.08 per cent. 

The largest percentage of mixed marriages are contracted in Copen- 
hagen, Denmark, where statistics, recently compiled by Julius Salomon, 
show that during the twenty-four years, 1880 to 1903, there were con- 
tracted 358 pure Jewish marriages and 254 mixed marriages, or 65.36 
per cent. of the pure Jewish marriages. How far these marriages 
are, in that city, in vogue among the Jews is seen by the fact that 
from 1880 to 1890 the percentage was only 55.17; it rose to 71.03 per 
cent. during 1891 to 1900, and from 1901 to 1903 it was already 89.74 
per cent. In former years we are told that the Jewish rabbis refused 
to admit children born from mixed marriages to Judaism, but of late 
years the Jewish community in that city authorized several Jewish 
physicians to cireumeize such new-born boys. This is not confined to 
Copenhagen alone, but is characteristic of Scandinavia in general. In 
Denmark there were contracted, during 1875-91, 308 Jewish mar- 
riages, of which 187 were pure and 121 mixed. ¢. ¢., 64.71 per cent. 
Since then the increase has been enormous. In the neighboring country, 
Sweden, it is stated that the number of mixed marriages is much in 
excess of the number of pure Jewish marriages. 
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In France and Italy also Jews frequently marry christians. This 
is particularly the case with the French aristocracy, who often marry 
Jewish heiresses.* In Italy the Jews to-day are thoroughly assimilated, 
and many observers state that mixed marriages are almost as frequent 
as pure marriages. 

In eastern Europe they are less frequent. In Austria, during 1901, 
there were contracted 7,576 pure Jewish marriages and 147 mixed 
marriages. But here we can see how far isolation acts as a preventive 
of intermarriage. Of the 147 mixed marriages contracted during 
1901, 98 were in the city of Vienna and 25 in Bohemia. Although 
three quarters of all the Austrian Jews live in Galicia, still not a single 
case of intermarriage was recorded there during that year. It must 
also be mentioned that in Austria intermarriage between Jews and 
christians is not permitted by the law, and in many cases of mixed 
marriages, one of the parties adopts the religion of his or her partner, 
and the marriage is thus recorded as pure christian or pure Jewish; 
or one or both declare themselves as dissenters (IXonfessionslos) and 
appear on the registration sts as the marriage of a Jew with a dis- 
senter, or of dissenters. As a result of this condition the available 
figures do not by any means represent the true condition of affairs. 

Up to 1895 intermarriage was entirely prohibited by law in Hun- 
gary, unless one of the parties was converted to the religion of his or 
her partner. Since this law was abolished in 1895, mixed marriages 
are taking place in large numbers. During the nine years, 1895 to 
1903, 3,590 Jews married with christians, and 60,275 with Jews, 7. e., 
5.95 per cent. of all pure Jewish marriages were mixed. Most of these 
marriages are contracted in the city of Budapest, where the proportion 
reached 17.06 per cent. during 1903 and 1904. The steady increase 
of mixed marriages in that city is well seen from the following figures: 


1896-1900 1901-1902 19038 190-4 
Jews to christian women.......... 6:71 6.98 8.41 7.86 
Christians to Jewesses............ 7.22 7.86 7.85 7.36 


It thus appears that every thirteenth Jew who married in Budapest, 
during 1904, married a christian. 

For English-speaking countries there are no available statistics on 
the subject of imtermarriage, because no religious censuses are taken. 
In England they occur often among the native Jews, and although 
among the immigrant Jewish population in London they are less fre- 
quent, still they are not as rare as is generally beheved. In New South 


*It has been alleged that most of the mixed marriages are contracted be- 
tween christian noblemen and rich Jewish heiresses. This is disproved by the 
figures in the table of mixed marriages. The proportion of Jews who marry 
christian women Is larger than that of christians who marry Jewesses. 
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Wales it was found, while taking the census of 1901, that of all mar- 
ried Jews, 781 were married to Jewesses and 686, tv. e., 87 per cent., 
were married to christians.* 

In the history of the Jews in the United States there are many 
instances of intermarriage between Jews and christians, even in Co- 
lonial times. According to Professor Hollander, the well-known ‘ Ye 
Jew doctor, Jacob Lumbrozo in Maryland married a christian woman 
about 1660.4 Dembitz shows that “there is no frequenter of the 
synagogue who either lived in Kentucky or whose ancestors lived there 
before 1836,” and he gives as a cause that the early Jewish settlers dis- 
appeared through intermarriage with christians “and the descendants 
of the early Jewish settlers are known only by their Jewish family 
names and their oriental (?) features.”° One has to read detailed 
accounts of several Jewish families in New York, Pennsylvania, Con- 
necticut, Massachusetts, ete., to be convinced as to the extent of mixed 
marriages in pre-revolutionary times. The Franks family is particu- 
larly interesting: One daughter, Rebecca, married Sir Henry Johnson; 
another, Mary or Polly, married Andrew Hamilton. About New 
York, M. J. Kohler says in his work ‘ Jewish Life in New York before 
1800’ that “several cases are at hand of intermarriage between Jews 
and Jewesses to christians and occasional conversions to the prevailing 
religion.”* In the ‘ Biographical Sketches of the Graduates of Yale 
College,” Vol. II., 1763, two Jews are mentioned, one ‘of Jewish ex- 
traction’ who became a prominent citizen and one of the founders of 
the episcopal church in Norwalk; the other married a woman of French 
Huguenot descent. In Ohio also all traces of the early Jewish settlers 
have been lost. One is mentioned who was married ‘ out of his faith, 
but when he died, in 1821, he asked to be buried with Jewish rites.$ 
Speaking of Judah P. Benjamin, of New Orleans, whose wife was a 
devout catholic and whose daughter married Captain Henri de Bou- 
signac, of the 117th regiment of the French line, Kohler says: “ Such 
intermarriage was, in 1833, not uncommon.” <A Jewish traveler in 
New Orleans in 1842 speaks of the synagogue, which merely accom- 
modated fifty persons, and a former “ rabbi, a Dutchman, had married 
a catholic wife, who with diffienlty was restrained from sending a 
erucifix to his grave at his burial.” 


* Census of N.S. W., 1901, Bull. No. T4. 

* Public. Jewish Histor. Soc., 1., p. 29. 

*Tbid., pp. 99-101, 

“Westcott, ‘Historic Mansions.’ quoted from Publ. Jew. Histor. Soc, I, 
pp. 57-58. 

*Tbid., 11, p. 91. 

*Tbid.. VAL, p. 43. 

*Thid., XIL.. pp. 68-69. 
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In more recent times intermarriage of Jews with christians in the 
United States has continued unabated. In fact, very few of the orig- 
inal Jewish settlers, who were of Spanish and Portuguese origin, have 
left descendants. Most have been absorbed by intermarriage? For 
lack of denominational statistics, it is impossible to state accurately 
the extent of intermarriage between Jews and christians in the United 
States at the present time. It is known to be very common in the 
western and southern states, and less so in the eastern states. In a 
recent paper by Professor M. Schlesinger, of the Hebrew Union Col- 
lege, he quotes Rabbi George Zepin, director of circuit preaching, to 
the effect that in the northern part of the United States five per cent. 
is the maximum proportion of mixed marriages, while in the south 
the proportion ranges from 20 to 50 per cent., 33 per cent. being most 
nearly correct.*° 

There are no available statistics as to the frequency of mixed 
marriages in New York City to-day. From the census of the Federa- 
tion of Churches taken in 1902 of the Twenty-second Assembly Dis- 
trict (37th to 55th streets, east side), there were found several cases, 
about one per cent., of intermarriage. But this does not by any means 
represent the real conditions. Among many of the older Jewish 
families in this city we find many cases of intermarriage, and even on 
the east side, among the immigrant Jews, they are no more rare. In 
the western states it is very common, and the rabbis have of late 
actually sounded an alarm as to the danger of mixed marriages. 

We can conclude with the words of Arthur Ruppin, who thoroughly 
studied the problem in Europe: “ The best preventive of intermarriage 
is the Ghetto. In Galicia, Russia, the east end of London and the 
east side of New York, they are rare. But in countries where the 
Jews participate in the social and economic life of the general popula- 
tion as equals mixed marriages do occur and are steadily increasing 
in frequency, as is the case in Prussia, Denmark, Hungary, Italy, the 
western states, ete.” The largest proportion of mixed marriages in 
Europe is contracted in large cities, as we see from the figures given 
above is the case in Berlin, Vienna, Budapest, Copenhagen, ete. This 
is because in Jarge cities the population (Jewish as well as christian) 
has a higher intellectual standard, and these are better opportunities 
for people of different faith to come into intimate contact with each 
other. 


See Public. Jewish Histor. Soe, Vol. VI., pp. 92-93. 


(To be continued.) 


JOHN STUART MILL 451 


JOHN STUART MILL 
By PERCY F. BICKNELL 


6¢ y FIND it hard to say why I dislike John Stuart Mill,” writes 
Lowell to Leslie Stephen, “ but I have an instinct that he has 
done lots of harm.” 

* For the sake of the House of Commons at large,” says Gladstone 
in a letter to Mr. W. L. Courtney, Mill’s biographer, “ I rejoiced in his 
advent, and deplored his disappearance. He did us all good. In what- 
ever party. whatever form of opinion, I sorrowfully confess that such 
men are rare.” “ A wiser, more virtuous man I have never known, 
and never hope to know,” was Mr. John Morley’s pronouncement in a 
speech delivered soon after Mill's death. 

To continue a little further these contrasting opinions concerning a 
philosopher and reformer, the centennial recurrence of whose birthday 
directs our thoughts upon him at this time, we find Professor Jevons 
somewhat petulantly exclaiming: “ For my part I will no longer con- 
sent to live silently under the incubus of had logie and bad philosophy 
which Mill’s works have laid upon us... . In one way or another Mill’s 
intellect was wrecked. The cause of injury may have been the ruthless 
training which his father imposed upon him in tender years; it may 
have been his own life-long attempt to reconcile a false empirical 
philosophy with conflicting truth. But however it arose, Mill’s mind 
was essentially illogieal.” 

“Mill's intellect was essentially of the logical order,” declares his 
biographer and expounder, Sir Leslie Stephen. The late E. L. Godkin 
ealled him “the most accomplished of modern dialecticians.”” Herbert 
Spencer, referring to Mill's influence on current English philosophical 
speculation, was of opinion that “by his ‘System of Logie’ Mr. Mhll 
probably did more than any other writer to awaken it.” Henry Sidg- 
wick praised “the unequalled mastery of method which his logical 
speculations developed.” 

Now that Mill has been dead a third of a century. it may be worth 
while to take the oeceasion of this hundredth anniversary of his birth 
to review briefly the estimation in which he was held by his contem- 
poraries, and to consider how much and what part of his fame of thirty- 
three years ago is now alive and likely to survive. His lasting influ- 
ence, whether for good or for ill, is of course not accurately determin- 
able; for, as Professor Bain has well said, “ no caleulus ean integrate the 
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innumerable little pulses of knowledge and of thought that he has made 
to vibrate in the minds of Ins generation ”—and, one may add, in the 
minds of the sueceeding generation. 

That keen, alert intelligence, trained, as an athlete is trained, to 
the very maximum of efficiency, if not indeed overtrained, can not but 
command the admiration of Muill’s readers to-day, as it did that of his 
contemporaries. One can hardly read his remarkable ‘ Autobiography ’ 
without acknowledging in Mill a kind and a degree of intellect so far 
out of the ordinary as to approach the preter-human—we will not say 
the superhuman. ‘“ Logie-chopping engine,’ Carlyle may dub his old 
friend, as he emphatieally does in deseribing the ‘ Autobiography’ to 
his brother John. “TI have never read a more uninteresting hook,” he 
declares, “ nor should I say a sillier, by a man of sense, integrity, and 
seriousness of mind. ... It is wholly the life of a logic-chopping engine, 
httle more of human in it than if it had been done by a thing of mech- 
anized iron, Autobiography of a steam-engine.” “ A fascinating book 
it is from beginning to end,” said Edward Everett Hale, in reviewing 
the work at the time of its appearance. 

Probably the one book of Mill’s that has done more than any other 
to awaken interest and arouse enthusiasm is his treatise on ‘ Liberty.’ 
Tis merits are well indicated in an adverse eriticism that occurs in one 
of Caroline Fox’s letters. ‘I am reading,” she says, “ that terrible 
book of John Mill’s on Liberty, so clear and calm and cold; he lays it 
on one as a tremendous duty to get oneself well contradicted, and admit 
always a devil’s advocate into the presence of your dearest, most sacred 
truths, as they are apt to grow windy and worthless without such tests, 
if, indeed, they ean stand the shock of argument at all. He looks you 
through like a basilisk, relentless as fate. . .. No, my dear, I don’t 
agree with Mill, though J, too, should be very glad to have some of my 
‘ugly opinions’ corrected, however painful the process; but Mill makes 
me shiver, his blade is so keen and so unhesitating.” It is exactly this 
willingness, and more than willingness, to hear the other side, that 
attracts the young reader, and in fact all ingenuous minds, to Mill. 
His writings bear the unmistakable stamp of sineerity. “ I had always,” 
he tells us, “a humble opinion of my own powers as an original thinker, 
... but thought myself much superior to most of my contemporaries 
in willingness and ability to learn from everybody; as I found hardly 
any one who made such a point of examining what was said in defense 
of all opinions, however new or however old, in the conviction that even 
if they were errors there might be a substratum of truth underneath 
them, and that in any case the discussion of what it was that made them 
plausible, would be a benefit to truth.” 

In harmony with this spirit of modesty and candor is that peculiar 
quality in his writings which is at the same time one of their chief 
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merits and a considerable bar to the reeognition of their originality. 
In whatever ficld of learning he worked, he always sought to knit his 
thoughts into the body of pre-existing knowledge, and to make his 
eurrent of speculation flow casily and naturally from sources already 
familiar to his readers, however widely that current might afterward 
diverge from the well-worn channels. Thus he was actually at more 
pains to coneeal his originality than most writers are to brig theirs 
into prominence. In political economy he wrote as an expounder and 
popularizer of Ricardo, in morals as a disciple and interpreter of 
Bentham, in the philosophy of mind as a commentator on the works 
of his father and of Sir William Hamilton, and even in his ‘ Logic’ he 
is so serupulously careful to acknowledge indebtedness to earlier 
thinkers that an undiscerning reader might easily undervalue Mill’s 
contributions in his own name. Recognizing the breadth and fullness 
of his mind, one is in danger of doing less than justice to its originality. 

Mill has been compared with Loeke, his influence on the nineteenth 
century being likened to the earlier philosopher’s on the seventeenth. 
As parts of Locke’s teachings have long since passed into the body of 
common thought and conviction, and have thus lost for us their 
originality and interest, so there are many of Mill’s doctrines that have 
in this best sense become obsolete, because by general adoption they 
have ceased to be matter of argument. In addition to the practical 
reforms he inaugurated or promoted, we may ask at this time, what is 
his significance and value to us as a philosopher? By example as well 
as precept he has elevated and purified the utilitarian scheme of ethies. 
The greatest-happiness principle was with him a religious principle. 
We may hold that he was fundamentally wrong in his theory of morals, 
but we can not refuse to applaud his practise. In the abstruser regions 
of thought, his neat and clear exposition of the experience-philosophy 
is suggestive rather of the French than of the German school. One 
ean hardly read three pages of German metaphysics without a de- 
pressing sense of the futility of human reasoning, whereas a French 
philosophical treatise fills us with a surprised delight at the efficiency 
of our own powers. ‘The German is too fond of directing our gaze 
into fathomless abysses and of leading our feet into bottomless quag- 
mires; the Frenehman conducts us easily and pleasantly over a mae- 
adamized road, where all steep aseents are carefully graded, precipitous 
declivities guarded against by walls and fenees. and ugly or disquieting 
outlooks screened by flowering hedges. As Martineau long ago so ad- 
mirably expressed it, Mill’s distinguishing characteristics as a philoso- 
pher are “sharp apprehension of whatever can be rounded off as a 
finished whole in thought, analytie adroitness in resolving a web of 
tangled elements and measuring their value in the construction, reason- 
ing equal to any computation by linear coordinates, though not readily 
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flowing into the organic freedom of a living dialectic, remarkable skill 
in laying out his subject symmetrically before the eye and presenting 
its successive parts in clear and happy lights. No one has more sue- 
cessfully caught the fortunate gift of the French men-of-letters—the 
art of making readers think better of their own understanding and less 
awfully of the topics discussed.” The same keen critic pomts out a 
glaring self-contradiction in Mill’s theorizing. Mill resolves all know}- 
edge into self-knowledge, since we have no cognitive access to either 
qualities or bodies external to ourselves. On the other hand, however, 
we know nothing but the phenomena of ourselves, we are but phenomena 
of the world, and the sensations from which all within us begins are 
merely the results of outward experience. Thus the pretended a priori 
ideas turn out to be a posteriori residues; the volitions that claim to 
be spontaneities are necessary effects of antecedent causes earlier than 
we. ‘And thus,” the critic well concludes, “we are landed in this 
singular result: our only sphere of cognitive reality is subjective: and 
that is generated from an objective world which we have no reason to 
believe exists. In our author’s theory of cognition, the non-ego disap- 
pears in the ego; in his theory of being, the ego lapses back into the 
non-ego. Idealist in the former, he is materialist in the latter.” 

We find, then, that in matters of abstract speculation Mill produeed 
little that will live. But where he could bring his thought to the service 
of humanity, his achievement is noteworthy ; and for this we honor him. 
Even in his contributions to inductive logic, of which he is often 
called the founder, he was working for the enlightenment of human 
error in the practical concerns of life; how much more so in his political 
and economic writings, their greater concreteness makes evident. He 
was far from being a philosopher for the mere love of ‘ divine philoso- 
phy” There was no art-for-art’s-sake enthusiasm in him. For a luxury 
of that sort he had too little tendency to passive enjoyment, and too 
much of the militant, apostolic fervor of the reformer. The will-o’- 
the-wisp pursuit of ultimate truth for its own sake might well have 
seemed to him, as did philosophical speculation in general to an emi- 
nent contemporary of his, very much like the motions of a squirrel in 
its cage. Mill’s studies demanded a humanitarian motive, and that 
motive became with him a religion. He himself, in his review of 
Comte, declares: “Candid persons of all creeds may be willing to 
admit, that if a person has an ideal object, his attachment and sense 
of duty towards which are able to control and discipline all his other 
sentiments and propensities, and prescribe to him a rule of life, that 
person has a religion.” Miull’s two chief characteristics, the love of 
thinking out difficult problems, and the love of mankind, were made 
to serve each other; and the gratification of these two passions may be 
regarded as the expression of his natural piety. 
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His adroitness in applying abstract principles to concrete realities, 
and thus making attractive to the many those studies of his that might 
otherwise have repelled even the few, is too well known to require illns- 
tration. As Herbert Spencer somewhere makes illuminative use of 
the shape of a present-day ‘ milk-jug’ to illustrate the irrationality of 
fashion and convention, so Mill can strengthen an argument by happily 
introducing the diminishing vogue of fainting-fits among young ladies. 
And as in small things, so in large. The high degree of common sense 
inwrought in the philosophy of Mill and Spencer contributes no little 
to the readableness, the intelligibility and the popularity of their 
writings. That Mill was nothing but ‘a book in breeches,’ as he was 
so often called, can not rightly be made to appear, even in the most 
learned of his published works. Unless precision and clearness of 
thought, accuracy of expression, aptness of illustration, breadth of 
reading and of observation, and constant openness to conviction, con- 
stitute the pedant, he was no pedant. One may even wish that there 
were a little more of the bookish element in him; for, remembering the 
extent of his reading in both ancient and modern literature, we feel 
some disappointment at finding in his works so little of that common 
stock of graceful allusion and happy quotation that might have been 
expected to adorn and to light up his somewhat sombre pages. Never- 
theless he can not properly be called ‘a thing of mechanized iron.’ If 
he was the ‘ steam-engine’ that Carlyle pronounced him to be, he was 
at least an engine of that excellent sort that burns its own smoke, 
which is more than can be said of Carlyle. 

Mr. Frederic Harrison, who knew Mill personally, is emphatic in 
asserting that his heart was “ even richer than his brain.” Mr. Morley 
places Mill’s distinction in the “union of stern science with infinite 
aspiration, of rigorous sense of what is real and practical with bright 
and luminous hope.” <All readers will recall the purple patches in 
‘The Subjection of Women.’ In spite of his proof armor of dry logie, 
the author is more than once earried away by what has been styled 
‘the logie of feeling. Mr. Harrison calls him * excessively sensitive 
and indeed impressionable.” As Condorcet said of Turgot, he resem- 
bled a voleano clothed in ice. Proofs of this warmth of feeling could 
be adduced in great number, but a very few must here suffice. For a 
whole vear he took upon himself the duties of his friend and subordi- 
nate in the India House, W. 'T. Thornton, to enable the latter to reeruit 
his health without relinquishing his post. Mill’s offer to guarantee the 
expense of certain early publications of Spencer’s and Bain’s, and also 
his generous kindness to Comte, when the French philosopher had fallen 
on evil days, and at a time when Mill himself was suffering from heavy 
pecuniary losses, are matters of common knowledge. A considerateness 
for others, and a depreciation of self, that went even to extremes, may 
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be seen in Mill’s conduct on retiring from the India House in 1858 
after thirty-five years of service. His friends in the Examiner’s Office, 
ineluding every member of the foree, desired to present him with a 
suitable token of regard. In half an hour after the matter was pro- 
posed, subscriptions were eagerly volunteered to the amount of fifty or 
sixty pounds, while outside contributions were jealonsly refused, ag 
those im iminediate service under the retiring examiner insisted on 
sharing with no outsiders the pleasure and honor of making this testi- 
momial. But before the gift, an elaborate silver inkstand, could be got 
ready, the one for whom it was designed caught the scent and was 
greatly displeased. Approaching the originator of the plan, W. T. 
Thornton (as will have been surmised), he almost upbraided him, and 
was really angry, so far as it was in him to cherish anger. He said he 
hated all such demonstrations; was sure they were never wholly 
genuine; there were always some who took part in them only because 
they disliked to refuse; and, in short, he positively would have none of 
it. With him it was a question of principle, and where a principle was 
involved he could not give way, despite the obvious awkwardness in 
store for Thornton and his associates. The matter had gone too far 
to be dropped altogether, and finally the assistance of Mill’s step- 
daughter, Helen Taylor, was invoked; the inkstand was smuggled into 
the house without Mill’s knowledge, and, thanks to Miss Taylor, instead 
of being promptly returned, it was in the end promoted to a place of 
honor in the drawing-room. Mill’s excessive devotion to his wife, a 
devotion that manifests itself in some of his writings as idolatrous 
worship, proves the warmth of his heart, however clearly it may betray 
a lamentable clonding of the judgment by a passion to which he, of 
all men, had seemed least likely to fall a victim. 

From the many who knew Mill in his lifetime, abundant testimony 
could be quoted to prove the charm and purity of his nature, as well as 
the intellectual and moral stimulus of his personality. “ Intimacy with 
Mr. Mill convinced me,” says Henry Faweett, “ that, if he had happened 
to live at either of the universities, his personal influence would have 
been no less striking than his intellectual influence. Nothing, perhaps, 
was so remarkable in his character as his tenderness to the feelings of 
others, and the deference with which he listened to those in every respect 
inferior to himself. There never was a man who was more entirely free 
from that intellectual conceit which breeds disdain. Nothing is so 
discouraging and heart-breaking to young people as the sneer of an 
intellectual eynic. A sarcasm abont an act of youthful mental en- 
thusiasm not only often casts a fatal chill over the character, but is 
resented as an injury never to be forgiven. The most humble youth 
would have found in Mr. Mall the warmest and most kindly sympathy.” 
An anecdote from the same source illustrates another equally admirable 
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trait—an intellectual liberality unusual among scholars devoted to 
some chosen branch of study. “ Some years ago,” Fawcett narrates, “ I 
happened to be conversing at Cambridge with three men who were 
respectively of great emimence in mathematics, classics and physiology. 
We were discussing the inaugural address which Mr. Mill had just 
delivered as rector of the St. Andrews University. The mathematician 
said that he had never seen the advantages to be derived from the 
study of mathematics so justly and so forcibly described; the same 
remark was made by the classic about classics, and by the physiologist 
about natural science. No more fitting homage can probably be offered 
to the memory of one to whom so many of us are bound by the strongest 
ties of gratitude and affection, than if, profiting by his example, we 
endeavor to remember that above all things he was just to his opponents. 
that he appreciated opinions from which he differed, and that one of 
his highest claims to our admiration was his general sympathy with all 
branches of knowledge.” 

What we of to-day owe to Mill, it seems safe to assert in closing, 
is not so much the advancement of learning in any particular direction 
—for the world has already caught up with and assimilated a great 
part of the new truth uttered by him—as the stimulus of a rarely pure 
and lofty and strenuous nature, devoted to high ideals for the ameliora- 
tion of mankind, and unflinchingly courageous in advocating them by 
example as well as by precept. Industrious and versatile to a degree 
that astonishes one on surveying the products of his literary and his 
business activity, he at the same time achieved, in whatever he under- 
took, a uniformly high quality of workmanship that would be note- 
worthy even in the most rigorous specialist. To the strenuous youth of 
this strenuous age (if one may be pardoned for using again a much 
over-worked adjective) Mill may well serve as a model of nobly directed 
activity, generous self-sacrifice, and memorable achievement. But in 
emulating his example, let us first ponder well these words of his from 
a letter to Caroline Fox: “No one should attempt anything intended 
to benefit his age, without at first making a stern resolution to take 
up his cross and to bear it. If he does not begin by counting the cost, 
all his schemes must end in disappointment; either he will sink under 
it, as Chatterton, or yield to the counter-current, like Erasmus, or pass 
his life in disappointment and vexation, as Luther did.” 
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CHANGES OF CLIMATE 


By ROBERT DEC. WARD 
HARVARD UNIVERSITY 


Popular Belief in Climatic Change.—Belief in a change in the 
climate of one’s place of residence, within a few generations, and even 
within the memory of living men, is widespread. It is confined to 
no special region or people. It finds support among the most intelli- 
gent as well as among the uneducated. Tere it may be the view that 
ihe climate is growing milder; there, that the winters are becoming 
more severe; here, that there is increasing aridity; there, that the rain- 
fall is greater. Whenever a season attracts attention because of weather 
conditions which seem in any way unusual, this belief is strengthened. 
This popular impression has often found support in the facts of dis- 
tribution, or the dates of flowering or ripening of certain cereals or 
fruits. It is asserted that because grapes, or corn, or olives, for ex- 
ample, are now no longer grown in parts of Europe where their culti- 
vation was once an lnportant occupation, we must conclude that the 
climate has ehanged from a favorable to an unfavorable one. 

Evidences of Climatic Changes within Historical Times.—Evidence 
is constantly being brought forward of apparent climatic variations 
of greater or less amount which are now going on. Such reports, 
largely those of travelers or explorers in little-known regions, are 
usually based on fluctuations in the extent of inland lakes; on the 
discovery of abandoned dwelling sites, the rnins of aqueducts and irri- 
gating canals, and the like. Thus we have accounts of a gradual 
desiccation which seems to have been going on over a large region in 
Central Asia, during historical times. In eastern Turkestan the lakes 
have been reported as drying up, Lake Balkash falling one meter in 
about fifteen years, and Lake Alakul gradually becoming a salt deposit. 
In his work on Turkestan, Muschketoff gives numerous examples of 
progressive desiccation, and Rossikoff speaks of the drying up of the 
lakes on the northern side of the Caucasus. The same thing is reported 
of lakes in the Painir. Prinee Kropotkin believes that the desiccation 
of Central Asia in the past drove the inhabitants out on to the lowlands, 
producing a migration of the lowland peoples and thus bringing on 
the invasions of Europe during the first centuries of our era. In his 
recent work on the basin of eastern Persia and Sistan, Huntington 
believes that, so far as it can be made out, the history of Sistan also 
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indieates a gradual desiccation from early historical times down to the 
present day. His study of climatic changes in that region is one of 
the most thorough ever made, for the evidence of archeology, of tradi-, 
tion, of history and of physiography has been carefully matched and 
found to accord in a very striking manner. Huntington has found 
evidence of the abandonment of successive village sites as the inhabit- 
anis moved further upstream in search of more water. Patches of 
dead jungle show that vegetation once flourished where aridity now 
renders plant growth impossible. 

In northern Afriea certain ancient historical records have been 
taken by different writers to indicate a general decrease of rainfall 
during the last 3.000 or more years, the remains of cities and the ruins 
of irrigating works pointing to a larger population and a greater water 
supply formerly than at present. The presence of certain animals, 
now no longer found there, is implied by ancient records, and from 
this fact also a change of climate is inferred. In his crossing of the 
Sahara between Algeria and the Niger, Gautier found evidence of a 
former large population. A gradual desiccation of the region is, there- 
fore, believed to have taken place, but to-day the equatorial rain belt 
seems to be again advancing farther north, giving an increased rain- 
fall. Gautier divides the history here into three periods. (1) dense 
population, (2) aridity, and (3) the present change to a steppe 
character. 

Farther south. several lakes have been reported as deereasing in 
size, e. g., Chad, Ngami and Victoria; and wells and springs as run- 
ning dry. In the Lake Chad district, Chevalier reports the discovery 
of vegetable and animal remains which indieate an invasion of the 
Sudan by a Saharan climate. Neolithic relies indieate the former 
presence there of prosperous communities. Again, to note another 
instance, it is often held that a steady decrease in rainfall has taken 
place over Greece, Syria and other eastern Mediterranean lands, result- 
ing in a gradual and inevitable deterioration and decay of their people. 
These examples might be multiphed, for reports of climatic changes of 
one kind or another are numerous from many parts of the globe. 

What Meteorological Records show.—<As coneerns the popular im- 
pression regarding change of climate, it is clear at the start that no 
definite answer can be given on the basis of tradition, or of general 
impression, or even of the memory of the ‘ oldest inhabitant? Human 
memories are very unreliable things, and there are many reasons for 
their being particularly untrustworthy in matters of this kind. The 
only answer of real value must be based on what the instrumental 
records of temperature, and of rain and snowfall show. Accurate 
instruments. properly exposed, and carefully read, do not lie; do not 
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forget; are not prejudiced. When such instrumental records, seat- 
tered though they are, and difficult as it is to draw general conclusions 
from them, are carefully examined, from the time when they were 
first kept, which in a few cases goes back about one hundred and fifty 
years, there 1s found no evidence of any progressive change in tem- 
perature, or in the amount of rain and snow. Apparent signs of a 
permanent imerease or decrease in one or another element have been 
fairly easy to explain as due to the method of exposing the thermometer 
or of setting up the rain gauge. Little care was formerly taken in 
the construction and loeation of meteorological instruments. They 
were usually im cities, and as these cities grew, the temperature of the 
air was somewhat affeeted. The raim-gauges were poorly exposed on 
roofs or in court-vards. The building of a fenee or a wall near the 
thermometer, or the growth of a tree over a rain-gauge, was enough, 
In many cases. to explain any observed change in the mean tempera- 
ture or rainfall. Even when the most accurate instrumental records 
are available, eare must be taken to interpret them correctly. Thus, 
if a rainfall or snowfall record of several years at some station indi- 
eates an apparent increase or decrease in the amount of precipitation, 
it does not necessarily follow that this means a permanent, progressive 
change in elimate, which is to continue indefinitely. It may simply 
mean that there have been a few years of somewhat more precipitation, 
and that a period of somewhat less precipitation is to follow. 

For the United States, Schott, some twenty years ago, made a care- 
ful study of all the older records of temperature and rainfall, including 
snow, from Maine to California, and found nothing which led to the 
view of a progressive change in any one direction. There was evidence 
of slight variations of temperature, oceurring with the same character- 
istics and with considerable uniformity over large areas. ‘These varia- 
tions have the characteristics of irregular waves, representing slightly 
warmer and slightly cooler periods, but during the fluctuations the 
temperature differed by only a degree or two on one side or the other 
of the mean. Obviously, this is too slight a range to be of any general 
or practical interest, and in any case, these oscillations give no evidence 
of a continuous change toward a warmer or a cooler climate. Sehott 
found that these waves of higher and lower temperature followed one 
another at intervals of about twenty-two years on the Atlantie coast. 
In the interior the intervals were about seven years. The records of 
the closing of rivers, the Hudson, for example, to navigation, show no 
permanent change in the dates for the last hundred years or so. 

It has been well pointed out that if a list were carefully compiled 
of heavy snowstorms, of droughts, of floods, of severe cold, of mild 
winters, of heavy rains, and of other similar meteorologie phenomena 
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for one of the early-settled sections of the United States, beginning 
with the date of the first white settlements and extending down to the 
present day, we should have the following situation: Dividing this list 
into halves, each division containing an equal number of years, it would 
be found, speaking in general terms, that for every mild winter in the 
first half there would be a mild winter in the second; for every long- 
continued drought in the first division there would be a similar drought 
in the second; for every ‘ old-fashioned ’ winter in the first group there 
would be an * old-fashioned’ winter in the second. And so on through 
the list. In other words, weather and climate haye not changed from 
the time of the landing of the earliest pilgrims on the inhospitable 
shores of New England down to the present day. 

Why the Popular Belief in Climatic Changes is Untrustworthy.— 
Why is the popular belief in a change of climate so widespread and so 
firmly fixed, when instrumental records all go to show that this belief is 
erroneous? It is not easy to answer this question satisfactorily, but 
several possible explanations may be given. The trouble arises chiefly 
from the fact that we place absolute trust in our memories, and 
attempt to judge such subtle things as climatic changes on the basis of 
these memories, which are at best short, defective, and in the highest 
degree untrustworthy. We are likely to exaggerate past events; to 
remember a few exceptional seasons which, for one reason or another, 
made a deep impression on us, and we thus very much overrate some 
special event. To make use of an illustration given by another, indi- 
vidual severe winters which, as they occur, may be some years apart, 
seem, when looked back upon from a distance of several years later, to 
have been close together. It is much as in the case of the telegraph 
poles along a railroad track. When we are near the individual poles 
they seem fairly far apart, but when we look down the track, the poles 
seem to stand close together. The difference in the impressions made 
upon youthful and adult minds may account for part of this miscon- 
ception regarding changes of climate. To a youthful mind a heavy 
snowstorm is a memorable thing. It makes a deep impression, which 
lasts long and which in later years, when snowstorms are just as heavy, 
seems to dwarf the recent storms in comparison with the older. The 
same is true regarding heavy rains, or floods, or droughts. 

Changes of residence may account for some of the prevailing ideas 
about climate. One who was brought up as a child in the country, 
where snow drifts decply and where roads are not quickly broken out, 
end who later removes to a city, where the temperatures are slightly 
higher, where the houses are warmer, and where the snow is quickly 
removed from the streets, naturally thinks that the winters are milder 
and less snowy than when he was a boy. Similarly, a change of resi- 
dence from a hill to a valley, or vice versa, or from the coast to the 
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interior, may easily give the impression of a changing climate. Even 
in cases where individuals have kept a record of thermometer readings 
during a long series of years, and are sure that the temperatures are 
not as low or as high as they used to be, or who are convinced that the 
rainfall is lighter or heavier than it was some years before, the chances 
are that the location of the thermometer or the exposure of the rain 
gauge has been changed sufficiently to account for any observed differ- 
ence in the readings. 

Value of Hvidence concerning Changes of Climate-—The hody of 
facts which has been adduced as evidence of progressive changes of 
climate within historical times is not yet sufliciently large and complete 
to warrant any general correlation and study of these facts as a whole, 
especially from the point of view of possible causation. But there are 
certain considerations which should be borne in mind in dealing with 
this evidence, certain corrections, so to speak, which should be made 
for possible controls other than climatic, before conciusions are reached 
in favor of climatic changes. In the first place, it has been noted above 
that changes in the distribution of certain fruits and cereals, and in the 
dates of the harvest, have often been accepted as undoubted evidence of 
changes in climate. Such a conclusion is by no means inevitable, for 
it can easily be shown that many changes in the districts of cultiva- 
tion of various crops naturally result from the fact that grapes, or corn, 
or olives are in time found to be more profitably grown, or more easily 
prepared for market in another locality. Thus the area covered by 
vineyards in northern Europe has been very munch restricted in the last 
few hundred years, because grapes can be grown better and cheaper 
farther south. Cultivation in one district is abandoned when it is 
nore profitable to import the product from another. It is easy, but not 
right, to conclude that the climate of the districts first used has 
changed. Wheat was formerly more generally cultivated far north in 
the British Isles than is the case at present, because it paid. Later, 
after a readjustment of the taxes on breadstuffs, it was no longer profit- 
able to grow cereals in that region, and the area thus cultivated dim- 
inished. Changes in the facility or in the cost of importation of certain 
articles of food from a distance are speedily followed by changes in the 
districts over which these same crops are grown. Similarly, the mtro- 
duction of some new plant, better suited to the Jocal soil and climate, 
will result in the replacement of the older product by the newer. In 
Trance, Angot has made a careful] compilation of the dates of the 
vintage from the fourteenth century down to the present time, and finds 
no support for the view so commonly held there that the climate has 
changed for the worse. he dates of the vintage do, however, indicate 
some oscillation of the climatic elements. In the period 1775-1875, 
the average date of ihe grape harvest in Aubonne was about ten days 
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earlier than during the preceding century, but three days later than 
during the second century preceding. At the present time, the average 
date of the grape harvest in Aubonne is exactly the same as at the close 
of the sixteenth century. After a careful study of the conditions of the 
date tree, from the fourth century, B. C., Eginitis concludes that the 
climate of the eastern portion of the Mediterranean basin has not 
changed appreciably during twenty-three centuries. Jn China, a com- 
parison of the ancient and present-day conditions of cultivation, of silk 
production, and of bird migrations, has led Biot to a similar conclusion. 
In some cases, the reported cultivation of cereals, or other soil products, 
in certain at present unfavorable climates has been shown to be purely 
@ myth; as in the case of a supposed extended cereal cultivation in 
Iceland in former times. 

Secondly, a good many of the reports by explorers from little-known 
regions are contradictory. Thus Lake Aral, which was diminishing in 
area for many years, is recently reported by Berg as increasing. Lake 
Balkash, which was rapidly drying up, has also begun to fill again. 
Partly submerged trees are noted as having been seen by Berg, who in 
June, 1902, found the lake waters quite fresh. As the lake has no 
outlet, this is an interesting fact. In Africa, Lake Victoria which, it 
was generally agreed, was sinking in the period 1878-1892, has since 
shown a tendency to rise. Lake Rukwa, east of Tanganyika, has risen 
within the last few years. Reports that the Sea of Azov is drying up 
have been explained as due to a silting up of a lake. Lake Chad is 
very probably subject to oscillations, sometimes spreading beyond its 
usual limits as the result of several vears of heavy rainfall. Such 
diverse reports show the need of caution in jumping at conclusions of 
climatic change. An inereased use of water for irrigation may cause 
the level of water in a lake to fall, as has been the case to some extent 
in Great Salt Lake. Periodic oscillations, givmg higher and then 
lower water, do not indicate progressive change in one direction. Many 
writers have thus seen a law in what was really a chance coincidence. 
Partsch believes that the ancient settlements on the interior lakes of 
northern Africa show that these lakes contained no more water formerly 
than they do now. Some have claimed that the supposed desiceation of 
the climate of northern Africa resulted from deforestation, but no cer- 
tain evidence exists of the presence or destruction of such forests, and 
if deforestation did take place, no considerable change of climate could 
have resulted. 

Thirdly, where a progressive desiccation seems to have taken place, 
the question should be asked, is less rain actually falling, or have the 
inhabitants less capacity, less energy, less ability than formerly? Is 
the change from a once cultivated area to a barren expanse the result 
of decreasing rainfall, or of the emigration of the former inhabitants 
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to other lands? The difference between a country formerly well irri- 
gated and fertile, and a present-day sandy, inhospitable waste may be 
the result of a former compulsion of the people, by a strong governing 
power, to till the soil and to irrigate, while now, without that compul- 
sion, no attempt is made to keep up the work. The incapacity of the 
present inhabitants, or of their rulers, is often responsible for effects 
which have been interpreted as due to climatic change. It has been 
chown that where irrigation is resorted to in parts of the districts about 
the Mediterranean which have been reported to be drying up, there the 
former fruitfulness returns. In many cases the reports of increasing 
dryness really concern only the decrease in the water supply from rivers 
and springs, and it is well known that a change in the cultivation of the 
soil, or in the extent of the forests, may bring about marked changes 
in the flow of springs and rivers without any essential change in the 
actual amount of rainfall. These conditions are particularly likely to 
occur in regions where there is no snow covering, and where the rain 
falls ina few months only. In Tripoli, the Vicomte de Mathuisieulx 
finds that the Latin texts and monuments scem to establish the fact 
that, so far as atmospheric conditions and soil are concerned, everything 
is just as it was in ancient times. The present condition of the country 
is ascribed to the idleness of the Arabs, who have allowed wells to 
become choked and vegetation to perish. ‘In a country so little 
favored by nature, the first requisite is a diligent and hard-working 
population. The Romans took several centuries to make the land pro- 
ductive by damining rivers and sinking wells in the wady beds.” In an 
arid region, man has a hard task if he is to overcome the climatic diffi- 
culties of his situation. Irrigation; the choice of suitable crops adapted 
to arid conditions; steady, thoughtful work, are absolutely essential. 
To a large extent, an intelligent man may thus overcome many of the 
obstacles which nature has put in his way. On the other hand, a region 
of deficient rainfall, once thickly settled and prosperous, may readily 
become an apparently hopeless desert, even without the intervention 
of war and pestilence, if man allows the climate to master him. 

Lastly, a region whose norma] rainfall is at best barely sufficient for 
man’s needs, may Je abandoned by its inhabitants during a few years 
of deficient precipitation, and not again oceupied even when, a few 
years later, normal or excessive rainfall occurs. It is a very striking 
fact that the districts from which comes most of the evidence of 
changes of climate within historical times are subtropical or subequa- 
torial, 7. e., they are in just those Jatitudes in which a slightly greater 
or a slightly less migration of the rain-bringmg conditions easily pro- 
duces a very considerable increase or decrease in the annual rainfall. 
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It is apparent, on examining the evidence thus far at hand, that 
the fact of permanent, progressive changes in climate during his- 
torical times has not vet been definitely established. 

Periodic Oscillations of Climate: Sunspot Period.—The discovery 
of a distinct cleven-vear periodicity in the magnetic phenomena of the 
earth, naturally led to investigations of similar periods in meteorology. 
Numerous and varied studies along this line, extending back even into 
the seventeenth century, but beginning actively about 1870, have been 
and are still being prosecuted by a considerable number of persons, and 
the literature on the subject has assumed large proportions. The 
results, however, have not been satisfactory. The problem is diffienlt 
and obsenre. It is natural to expect a relation of this sort, and some 
relation certainly exists. But the results have not come up to expecta- 
tions. Fluctuations in temperature and rainfall, occurring in an 
eleven-vear period, have been made out for certain stations, but the 
Yariations are slight. and it is not vet clear that they are sufficiently 
marked, uniform and persistent over large areas to make practical 
application of the periodicity in forecasting possible. In some eases, 
the relation to sunspot periodicity is open to debate: in others, the 
results are contradictory. 

K6ppen has brought forward evidence of a sunspot period in the 
mean annual temperature, especially in the tropics. the maximum 
temperatures coming in the years of sunspot minima. The whole 
amplitude of the variation in the mean annual temperatures, from 
sunspot minimum to sunspot maximum, is, however, only 1.5° in the 
tropics and a little Jess than 1° in the extra-tropics. There are, bow- 
ever. leng periods during which there appears to be no influence, or at 
least. an obscure one, and the relation before 1816 seems to have been 
opposite to that since then. More recently Nordmann (for the years 
1870-1900) has continned K6ppen’s investigation, using the mean 
annual temperatures of certain tropical stations, and finds that the 
mean temperatures run parallel with the sunspot curve, but that the 
minimum temperatures occur with the sunspot maxima (amplitude 
O.7°). This seems to contradict Koppen’s conclusion, and also the 
fact that the sun is hotter at a time of maximum sunspots. The latter 
difficulty has been explained on the ground that the ramfall and clondi- 
ness, both of which are at a maximum with the sunspot curve, lower 
the temperature, especially in the tropics. It is obvious that the situa- 
tion in this matter is rather confusing just at the present time. and 
that the relation of sunspots and terrestrial temperatures is not wholly 
clear. The sunspots themselves are probably not the immediate or 
sole control. ~ There seems little doubt.” says Sir Norman Lockyer, 
“that we must look to the study of the solar prominences not only as 
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sun. but as the instigators of the terrestrial variations.” These investi- 
gations, however interesting and important they may be to astronomers 
and phvsieal meteorologists, are really outside the field of elinatology. 

In 1872 Meldrum, then director of the meteorological observatory 
at Mauritius, first called attention to a sunspot periodicity in rainfall 
and in the frequency of tropical evelones in the South Indian Ocean. 
The latter are most numerous in years of sunspot maxima, and decrease 
in freqneney with the approach of sunspot minima.  Poéy later found 
a sinilar relation in the case of the West Indian hurricanes. Mel- 
druin’s conelusions regarding rainfall were that, with few exeeptions, 
there is more rain in years of sunspot maxima. ‘This is to be taken 
only for means, and for a majority of stations, and is not to be expected 
at all stations or in every period. Thill found it to be true of the 
Indian summer monsoon rains that there scems to be an exeess in the 
first half of the eyele, after the sunspot maximum. The winter rains 
of northern India, however, show the opposite relation; the minimum 
following, or coineiding with. the sunspot maximum. Many studies 
have been made of a possible relation between rainfall and the sunspot 
period, but the eonelusions are not very definite, are sometimes con- 
tradictory, and do not yet warrant any general practical appheation 
for purposes of forecasting the wet or dry character of a coming year. 
Particular attention has been paid to the sunspot eyele of rainfall in 
India, because of the close relation hetween famines and the summer 
monsoon rainfall in that country. In 1889 Blanford admitted that 
the rainfall of India as a whole did not give evidence of the sunspot 
eyele in the records of the twenty-two vears preeeding. More recently 
the Loekyers have studied the variations of rainfall in the region sur- 
rounding the Indian Ocean im the hght of solar changes in temperature. 
They find that India has two pulses of rainfall, one near the maximum 
and the other near the minimum of the sunspot period. The famines 
of the last fifty vears have occurred in the intervals between these two 
pulses, and these writers believe that if as much had been known in 
1836 as is now known, the probability of famines at all the subsequent 
dates might have been foreseen. 

telations between the sunspot period and various meteorological 
phenomena other than temperature, rainfall and tropical evclones have 
been made the subject of numerous investigations, but on the whole the 
results are still too uncertain to be of any but a theoretical value. Some 
promising eonclusions seem, however, to have been reached in regard 
to pressure variations, and their control over other climatie elements. 

Brickner’s Thirty-fve-year Cycle—Of more importance than the re- 
sults thus far reached for the sunspot period are those which clearly estab- 
lish a somewhat longer period of slight Huctuations or oscillations of eli- 
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mate, known as the Briickner cycle, after Professor Briickner, of Berne, who 
has made a careful investigation of the whole subject of climatic changes 
and finds evidence of a thirty-five-vear periodicity in temperature and 
rainfall. Briieckner began with the long-period oscillations in the level 
of the Caspian Sea. He then investigated the levels of the rivers flow- 
ing into the Caspian, and next the dates of the opening and closing of 
the rivers of the Russian empire, and finally extended his study over a 
considerable part of the world, including data concerning mean tem- 
peratures, rainfall, grape harvest. severe winters, and the lke. The 
dates of opening and closing of Russian rivers go back in one case to 
1559 the dates of vintage to the end of the fourteenth century, and the 
records of severe winters to about 1000 a.p. Ina cyele whose average 
length is thirty-five vears there comes a series of years which are some- 
what cooler and also more rainy, and then a series of years which are 
somewhat warmer and drier. Briickner has found that the price of 
grain averages 13 per cent. higher in the wetter Iustrum than in the 
drier. This thirty-five-vear period is not to be thought of as being a 
perfectly systematic recurrence, in exactly that term of years. The 
interval in some cases is twenty vears; in others it is fifty. The average 
interval between two cool and moist, or warm and dry periods, is about 
thirty-five years. Moreover, not only the intervals, but the intensities 
of the individual periods vary. The mean amplitude of the tempera- 
ture fluctuation, based on large numbers of data, is a little less than 
2°, which makes it greater than that obtained by Noppen for the sun- 
spot period, and it is natural to expect it at a maximum in continental 
climates. The fluctuations in rainfall, also, are more marked in in- 
teriors than on coasts. The general mean amplitude is 12 per cent., 
or, excluding exceptional districts, 24+ per cent. In western Siberia 
more than twice as much rain may fall in wet as in dry periods. 
Regions whose normal rainfall is small are thus most affected. In 
years of minimum precipitation they may become nninhabitable, and 
the population may be forced to move away, perhaps never returning, 
and allowing towns and irrigating works to fall to decay. Slight 
fluctuations in rainfall are most critical in regions having a normal 
precipitation barely sufficient for agriculture. The extent of land 
cultivated, and the returns of agriculture here fluctuate directly with 
the temporary increase or decrease of rainfall. A supplementary study 
of the newer rainfall observations for Russia and for the United States, 
as well as for certain stations in central Europe and eastern Siberia, 
has given Briickner satisfactory confirmation of his carlier conclusions 
in the fact that he finds a decrease of rainfall over these districts as a 
whole, beginning about the middle of the decade 1880-90. ‘The time 
of the * boom’ in western Nansas and Nebraska, and in eastern Colorado, 
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in the decade 1s8s0—90, followed one of Briiekner’s wet periods. and 
the collapse of the *boom” came when the drier period advaneed. 
Farmers who went out on to the high plams im the vears of shghtly 
greater rainfall preceding the boom, and who lost all their capital, and 
more too, In the vain attempt to raise their grain in the years which 
followed, could with ditheulty be convinced that the climate of the 
plains had not permanently changed for the worse. The impression 
Jeft upon their minds. and upon the mind of anyone who saw the coun- 
try later, was one of decreasing rainfall, unsuccessful agriculture and 
financial rnin. Within more reeent years, in this same region of 
Wansas, with a somewhat increased raintall during a wetter evele, but 
without any permanent ehange to a wetter climate, the intelligent 
ehoice of cereals better adapted to the soil and climate. and the rational 
use of the available water supply. have wronght a wonderful ehange 
in the aspeet and eeonomic value of the state. 

The following table shows the dates and characters of Briiekner’s 


periods : 

Warm T746-1755 791-1805 1821-1835 1851--1870 

Dry 1756-1770 1781-1805 1s26-1840 1856-1870 

Cold W731-1745 1756-1790 1806-1820 1836-1850 1871-1885 
Wet 1736-1755 1771-1780 1806-1825 1841-1855 1871-1885 


Inieresting confirmation of Briickner’s thirty-five-year period has 
been found by Riehter in the variations of the Swiss glaciers, but as 
these glaciers differ in length, they do not all advance and retreat at 
the same time. The advance is seen during the cold and damp periods. 
Supan has peinted ont that the Briickner periods appear to hold good 
in the south polar regions. And Tlann’s study of the monthly and 
annual means of rainfall at Padua (1725-1900), Nlagenfnrt (1813- 
1900) and Milan (1764-1900) brings to light an alternation of 
wet and dry perieds in harmony with the thirty-five year evele. 
It should be noted that Briickner has fonnd certain districts in 
which the phases and epoehs of the chmatie evele are exaetly re- 
versed. ‘These exceptional districts are almost altogether limited to 
marine climates. There is thus a sort of compensation between oceans 
and eontinents. The raimier periods on the continents are accom- 
panied by relatively low pressures, while the pressures are high and 
the period dry over the oeeans, and vice versa. The eold and rainy 
periods are also marked by a decrease in all pressure differences. It is 
obvious that changes in the general distribution of atmospheric pres- 
sures over extended areas, of the great centers of high and low pressure, 
are closely associated with fluetnations in temperature and rainfall. 
An oscillation of a few hundred miles one way or another may mean 
the differcnee between drought or plentiful rainfall over extended areas. 
These changes in pressure distribution must in some wav be associated 
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with changes in the general circulation of the atmosphere, and these 
again must depend upon some external controlling cause or causes. 
W. J. 8. Lockyer has called attention to the fact that there seems to 
be a periodicity of about thirty-five years in solar activity, and that 
this corresponds with the Briickner period. This longer evele, under- 
lving the sunspot period, alters the time of occurrence of the sunspot 
maxima in relation to the preceding sunspot minima. He makes out 
three periods in solar activity, of between three and four years, about 
eleven, and about thirty-five vears, respectively, These are related as 
Wl eee 

It is clear that the exi-tence of a thirty-five-vear period will account 
for many of the views that have Leen advanced in favor of a progressive 
change of climate. \ succession of a few vears wetter or drier than 
the normal is hkely to lead to the conclusion that the change is per- 
manent. Accurate observations extending over as many vears as 
possible. and discussed without prejudice, are necessary before any con- 
clusions are drawn. Observations for one station during the wetter 
part of a cycle should not be compared with observations for another 
station during the drier part of the sarne. or of another cvele. 

Climatic Cycles of Longer Period.—There are evidences of longer 
climatic eveles than eleven or thirty-five vears. Brtickner calls atten- 
tion to the fact that sometimes two of his periods seer to merge into 
one. Richter shows much the same thing for the Alpine glaciers. 
James Geikie, in Scotland, has brought forward evidence of several 
climatic changes in postglacial times. Blytt, in Norway and Sweden, 
finds some botanical evidence of four great climatic waves since the 
last glacial period. Broéeger estirnates that a mean annual tempera- 
ture between 3° and 4° higher than the present was found in the 
Christiania Fjord in postglacial time. Lorié, in Holland. ands: con- 
firmation of Blytts view:. Gradmann, on botanical evidence. believes 
in a warmer climate in central Europe after the last ice age. and then 
a cooler one. Clough concludes that a three hundred-vears cvcle exists 
in solar and terrestrial phenomena. the thirty-six vear evele f-ing as It 
were superimposed upon the longer one. Kingsmill reports a period- 
icitv of three hundred vears in droughts and famines in northern 
China. And so on. As vet. nothing sutticiently dennite to warrant 
di-cussion here has been brouzht forward. 

Geological Changes in Clinate —Changes of climate in the geo- 
logical past are known with absolute certainty to have taken place: 
periods of glacial invagion-. as well as period: of more genial cond1- 
tions. The evidence. and the causes of these changes have been di-- 
cussed and re-diseus-ed. by writers almost without number. and from 
all points of view, Changes in the inten-itv of in-olation: in the 
sun itself: in the conditions of the earth's atinesphere: in the astrono- 
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mical relations of earth and sun; in the distribution of land and water, 
in the position of the earth’s axis; in the altitude of the land; in the 
presence of voleanie dust—changes now in cosmic, now in terrestrial 
conditions—have been suggested, combated, put forward again. None 
of these hypotheses has prevailed in preference to others. No actual 
proof of the correctness of this or that theory has heen brought forward. 
No general agreement has been reached. Under these conditions, and 
in view of the fact that practical chmatology is concerned with climatic 
changes, not of the geological past but of the historical present, this 
portion of our subject may be dismissed with this brief mention. 


Conclusion.— There is a wide-spread popular belief in permanent, 
progressive changes of climate during a generation or two. This belief 
is not supported by the facts of meteorological record. Abundant evi- 
denee has been adduced in favor of secular changes of ‘climate in his- 
torical times. Much of this is unreliable, contradictory, and has been 
interpreted without sufficient regard to possible controls other than 
chmatie change. Without denying the possibility, or even the prob- 
ability, of the establishment of the fact of secular changes, there is as 
yet no sutlicient warrant for beheving in considerable permanent 
changes over large areas, Dufour, after a thorough study of all avail- 
able evidence, has concluded that a change of climate has not been 
proved. ‘Phere are periodie oscillations of sight amount. An eleven- 
year period has been made out, with more or less certainty, for some 
of the meteorological elements, but it has been of no practical im- 
portance as yet. A thirty-five year period is Jess uncertain, but is 
nevertheless of considerable irregularity, and can not as yet be prac- 
tically apphed in forecasting. Longer periods are suggested, but not 
made out. As to causes, variations in solar activity are naturally 
receiving attention, and the results thus far are promising. But climate 
is a great complex, and complete and satisfactory explanations of all 
the facts will be ditfientt, perhaps impossible, to reach. At present, 
indeed, the facts which call for explanation are still in most cases but 
poorly determined, and the processes at work are imsuiticently under- 
stood. Climate is not absolitely a constant. ‘Phe pendulum swings 
to the right. and to the left. And its swing is as far to the right as 
io the left. Each generation lives throngh a part of one, or two, or 
even three, oscillations. A snap-shot view of these oscillations makes 
them seem permanent. As Supan has well said, it was formerly 
believed that climate changes locally, but progressively and perma- 
nently. Tt is now believed that oscillations of climate are limited in 
iime, but oceur over wide areas. Finally, it is clear that man, whether 
by reforestation or deforestation, by flooding a desert or by draining a 
swamp, can produce no important or extended modifications of natural 
climate, which is governed by factors beyond human control. 
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THE AFRICAN PYGMIES 
By 8. P. VERNER 


FP MILE presence of a group of the African pygmies at the World’s Fair 

at St. Louis attracted considerable attention to these httle people. 
Tt has also revealed a number of erroneous popular conceptions with 
reference to them, 

The word pygmy, of course, comes from the Greek, being derived 
from the word denoting a unit of measure, the ell. It was used by 
various Grecian writers, among them Ifomer, Herodotus, ILehodotus 
and Aristotle, to describe a race of small men, about whom tradition 
had given accounts, and who were usually located toward the sources 
of the Nile. Historically, then, the word pygmy apples to these 
Nilotic small peoples, but anthropology has widened the use of the 
term to include similar peoples scattered all over the globe, and found 
in many parts of Africa. 

Paul du Chailli was the first emiment modern explorer to find these 
people. Ife discovered them in the upper Ogowe basin, west central 
Africa, in July, 1863. After him others found them in various places. 
These were Schweinfurth, 1869, on the upper Welle, or Ubangi; Wiss- 
mann, 1886, on the upper Nasal; Stanley, 1888, on the upper Aru- 
wiml; while Dr. Donaldson Sumth located some south of Abyssinia. 
Others report them in German NKameruns, in French West Africa, on 
the herders of Uganda and in the center of the Congo Basin. 

he names by which these people are called vary in each locality, 
bat the most widely used term is Batwa. The name Bantu is ithe word 
meaning people in a large area of Central Africa. The singular of 
this is Muntn, meaning aman. These two terms apply to the large or 
normal people, not to the pygmies. But curiously enough, the name 
Batwa is the plural for people with the Batwa pygmies, and the sin- 
gular of this is Mutwa. These last two terms seem to the writer to be 
diminutives of the words Bantn and Mimitn, so that they mean Hitile 
people and little man, respectively. Sir Harry Johnston, who visited 
the pygmies in the region where Stanley first fonnd them, spells the 
name for them Mbute, while Schweinfurth, whose pygmies are not far 
from those of Stanley and Johnston, calls them Wambutti. It seems 
to the writer that these are either variations In name or in spelling of 
the same word. The present governor-general of the Congo, Major 
Costermans, found some Batwa near Lake Kiva. Wissmann’s pygimies 
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On the left is Bomashulba, a Batwa Pygmy, Age 25 years, Height tft. 7 In., Weight 90 Ibs. On 
Tight isan ordinary African, Bakuba Tribe; Name, Latuma; Age, 15 years; Height, 5 ft. 2 in. 
Weight, 135 Ibs. 
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in the upper Kasai are also called Batwa, which is the way Stanley 
spelled the word for his little neighbors, although these regions are 
six hundred miles apart. 

A study of all the writings of explorers reporting discoveries of 
these people has revealed an average stature of about four fect eight 
inches for all measured, though the measurements were made upon so 
few that this average can not be relied upon as a final result. 

The plant which furnishes the leaf covering for the huts of the 
pygmies is the same in the regions, widely apart though they are, ex- 
plored alike by Stanley and Wissmann. ‘The shape of the house—a 
rough hemisphere—is also the same. In practically every case the 
primitive culture of the pygmies is the same, wherever found. The 
lack of any agriculture in their life is a common characteristic, as are 
the use of the poisoned arrow and the lack of any centralized tribal 
organization. 

Popular misconceptions about the pygmies are principally as to 
their height. The general idea having gone abroad that they are 
the smallest known race of man, there has been produced the impres- 
sion that they are all veritable Tom Thumbs. Of course, anthropolo- 
gists know better that this, but the layman can not get clear the differ- 
ence between a dwarf and a pygmy. Then, too, some travelers have 
rather unscientifically measured the smallest they could find, and left 
this as the record of the height of the tribe. 

Dr. Mason, of the Smithsonian Institution, and Professor Starr, 
of Chicago University, concur in making five feet as the limit for the 
average of a pygmy race. Of course, there will be a few taller than 
this. and many shorter. It will also be necessary to discriminate 
against any result of the admixture of alien blood from larger tribes, 
although there is comparatively little of this going on. 

The group at St. Louis came from the region in which the Batwa 
were found by a number of explorers, though their particular settle- 
ment was visited only by the writer and the Reverend W. H. Sheppard, 
F.R.G.S. These other explorers who found the Batwa in the upper 
Kasai are the English missionary, Grenfell; the German explorers 
(under the Congo government), Pogge and Wolff: and Major von 
Wissmann, who ranks next to Stanley as the explorer of the Congo 
Basin. and who was subsequently the governor-general of German East 
Africa. The pygmies at St. Louis were from the forests near Wiss- 
mann Falls, the eataracts at the head of the navigation of the Kasai 
tributary of the Congo. This place is about a thousand miles in the 
interior of the continent. There are a number of Batwa settlements 
in the same general district. 
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THE JUBILEE OF THE COAL TAR 
COLOR INDUSTRY AND SIR 
WILLIAM HENRY 
PERKIN 
lr is not often that a seientific man 
can take part in the celebration of the 
tiftieth anniversary of a great discov- 
ery that he has made. 
he 


Perkin, when 
was a boy ot eighteen. noted a 
muddy precipitate which occurred in 
connection with an attempt to produce 
artificially. The 
that this substance could be used as a 


quinine new 
dve-stuil, the conrage which led to a 
patent and further investigations, and 
the patient persistence with which all 
practical difliculties were overcome are 
an wnustially clear exhibit of what is 


meant by genius. This violet color 


idea | 
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dustry in Germany, which has given 


_that conntry almost a monopoly in the 


work that originated with Perkin in 


| Great Britain. 


The coal tar products now give us 
flavors and perfumes as well as colors. 
Saceharine, than five hundred 
times as sweet as sugar, was discov- 
ered in the Jaboratory of the Johns 
llopkins University. 


more 


Saheylic and 
Lenzoic acids, though natural products, 
are chiefly produced artificially. Al- 
though quinine, which was the subject 


of Perkin’s original rescarch, has not 


| 


was ealled *manve’ and was the fore- | 


runner of the aniline dyes aud of much 
besides. 


Fifty vears ago the dyeing and print- 


ing industries were on an extremely 


empirical basis. the natural dye-stutfs | 


being applied by secret and rule-of- 
thammb ‘methods. In order to substitute 
scientific 
for 
establish a manufactory, which he 
with the of father 
The production of aniline 
Was put ona conunercial basis, and the 


av dJaboratery product and 


methods, it Was 
£O 
did 


brother. 


necessary 


aid his and 


discovery and appHeation of other dye- 
stufls was a comparatively simple mat- 
ter. Magenta was discovered in France 
three vears later, and subsequently all 
the of the 


dueed from 


rainbow were 
Perkin 
being Jargely responsible for alizarine. 
and indirectly 


colors pro- 


aniline, himselt 
for svnthetic 
As is well known, the artificial pro- 
duction of these dve-stulfs has led to 
ereat changes in agrieulture and manu- 
factures, one of the most important 


being the alliance of science and in-| 


Perkin | 


indigo, | 


been made by synthesis, the coal-tar 
products have given us an extraordi- 


nary series of — drugs—antipyrin, 
acetanilid, phenocoll, ete. They have 
viven ous smokeless powder, photo- 


graphic films and indirectly nitrates 
from the atmosphere and the cyanide 
process of gold extraction. 

The scientifie advances have been no 
less remarkable than the industrial de- 
velopments, and it should be especially 
noted that to these Perkin has con- 
tributed full After ac- 
quiring a competence, he sold his manu- 
tactory in (873 and has since devoted 
himselt to seientifie research. Pro- 
Nernst has stated that Perkin 
is the founder of physical chemistry. 


his share, 


fessor 


In conneetion with his influenee on 
chemistry, it should be remembered 
that two of his sons have heecome 


eminent for work in organic chemistry, 
hoth beme feHows of the Royal Soeiety. 

The seientifie and industrial develop- 
ments following on Perkin’s great dis- 
covery were adequately celebrated by 
an international gathering at the Royal 


Institution on July 26. 9 1t was pre- 


sided over by Professor R. Meldola and 


various speeches and presentations 


were made, including the Hoffman and 
Lavoisier gold medals and degrees from 
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several universities. There | 


was also a dinner, at which My. Hal- 


foreign 


dane, secretary for war, proposed the 
toast of the evening and addresses were 
made by Professor Emil Fischer, Sir 
Henry Roseoe and others. Sir William 
and Lady Perkin held receptions at 
their home near Harrow and at Lon- 
den, Ameriean chemists decided to 
hold a special celebration of the jubilee. 
and Sir William and Lady Perkin ac- 
eepted an invitation to be present at 
a banquet to be given in New York 
City, on Oetober 6. Professor Chand- 
ler, of Columbia University, presided, 
and addresses were made by Dr. Hugo 
Sehweitzer, President Ira Remsen, Dr. 
H. W. Wiley, Professor Walther 
Nernst and others. Sir William Per- 
kin was presented with the first im- 
pression of a Perkin medal, which will 
hereafter be awarded annually for work 
in applied chemistry; with a silver tea 
service, and with honorary member- 
ship in the American Chemical So- 
ciety. There will also be founded in 
honor of Sir William Perkin a circula- 
ting Hibrary for American chemists. 


THE ROYAL SOCIETY. 
Str WILLIAM HvGGINs, eminent for 
his contributions to spectroscopic as- 
tronomy and president of the Royal 


Society from 1900 to 1905, has  col- 


REFLECTING 
with his own hands in 1671, standing on the 
bound MSS. of the Prinezpia. 


TELESCOPE made by Newton 


SCIENCE 


volume 
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DEATH MAsK OF NEWTON, 


lected into a volume, published by 
Messrs. Methuen and Company, selee- 
tions from four of the addresses given 
at anniversary meetings of the society. 
The addresses are prefaced by a sketch 
of the early history of the society, and 
are followed by a discussion of the 
place of science in education. The 
contains excellent copies of 
paintings of fellows of the Royal So- 
ciety which hang in its halls, and other 
illustrations, several of which are here 
reprodueed. 

The address of 1902 is concerned with 


the importanee of science to the in- 
'dustries of Great Britain, which, it is 


argued, can only be maintained by ma- 
king seience an essential part of all 
education. Germany and the United 
States are quoted as examples that 
should be followed in their encourage- 
ment of research work as a condition 
of acadeniic The solution 
offered appears to be rather optimistie, 
for Sir William wishes to retain the 


degrees, 
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culture to be derived from elassical and 
literary studies, and to tind time for 
the thorough study of seienee by im- 
proving incthods of teaching and by 
greater devotion to work on the part 


ot the students. 
This address had a praetieal out- 
eome in so far as the eouneil of the 


Royal Society was lead to draw up a 


memorandum urging the universities to 


OF SOIEANGCE Ary 
give vreater encouragement to science 
with a view to its recognition in schools 
and elsewhere as an essential part of 
general education, but no very consid- 
both Oxtord 


and Cambridge having voted shortly 


erable results followed, 
after the presentation of this letter to 
reject plans tor the acceptanee of a 
of 
tranee examinations. 


larger amount serenee in the en- 


ah 
PRESIDENT OF 


THE 


From the vainting by To Vonderbank. 


ISAAC NEWTON, 


LOYAL SOCTETY, 1702-27 
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ey 


Sling oe eg 8 V 


MEETING ROOM OF THE ROYAL SOCIETY IN BURLINGTON HOUSE. 


The second address, given in 1903, re- 
viewed the relation of the Royal So-, 
ciety to the special scientific societies. 
The increase of knowledge and _ the 
necessary differentiation of the sci- 
ences Jed to the foundation of the 
Linnean Society for natural history in) 
1788 and to the establishment of the 
Geological Society in 1807, and there 
are now in London 
Great Britain numerous societies de-_ 
voted to the Sir 
William does not diseuss the relations 
of the Rayal Society to the British 
Association for the Advancement of 
Science, nor to the British weaieny 
for philosophy, history and shilaloays| 


| 
and elsewhere in 


special sciences. 


which was established during his presi- 
dency, after as to 
whether the subjects that it covers, 
should be ineluded in the seope of the 
Xoyal Society. It that ef- 
forts were made some ten years ago to 


Jong discussion 


appears 


form a more or less elose affiliation of 
the principle special societies with the 
Royal Society, but the plan did not, 
prove feasible. Sir William favors | 
publishing the papers read before the 
Royal Society both in its transactions 


and in the publications of the special 
society, and such a plan is in operation 
in the case of the Royal Astronomical 
Society. It is not, however, clear just 
what is gained by this plan for sci- 
ence, though it might for the time lead 
scientific men to present their papers 
before the Royal Society. This dis- 
cussion has Jed to the publication of 
the 
the 
the 
see 


transactions in two parts, one for 
natural sciences and the other for 
exact sciences, but it is difficult to 
the advantages of publishing, even 
two series, papers scarcely one 
tenth of which would be of interest to 
any one student. It does not seem 
that meetings at which papers in all 
the seiences are read have a_ useful 
function at the present time, and this 
appears to be clearly indicated by the 
programs and attendance at the ordi- 
nary meetings of the Royal Society and 
of our own National Academy of Sci- 


in 


ences. 

The third address discusses the rela- 
tion of the Noval Society to the state 
and its responsible public duties. The 
society is not supported by the state, 
although it administers a government 
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fund for research and publication | 
amounting to £5,000 annually and. oc- 
eupies rooms provided by the govern- 
ment. Sir William takes pride in the 
fact that the society is a private body 
of learned men for the promotion of 
natural knowledge at their own cost. 
Certainly the British traditions have 
been well maintained by the Royal So- 
sir) William 
We has devoted his 


ciety. himself being a. 


notable example. 
life to astronomical research. has built 


his observatory at his own cost and 
has worked without a salary of any 


kind. 
ful 


maintained 


It is, however, somewhat doubt- 


such traditions ean be 
the future. 
ease, they belong to an aristocracy 
It will 


probably be found that even mm Great 


whether 


in Ip any 
rather than to a democracy. 


Britain the government will need to 
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employ its scientifie men, and will not 
depend on the voluntary advice and as- 
sistance of an independent society. 

The fourth the 
tInence that science. represented by the 
Roval Society. has had upon the life 
and thought of the world. It is truly 
remarkable what a large part of the 


address reviews in- 


great seientific advanees from Newton 
to Darwin, and since Darwin, have had 
their origin in the work of the fellows 
of the Royal Society. 


THE YORK MEETING OF 
BRITISH ASSOCTATION 

THE British Association for the Ad- 
yancement of Scienee has celebrated its 
foundation in York seventy-five years 
ago by meeting this year in that city. 
The attendance at the meeting was 
1.959. which is fully as large as the 
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average, though some 600 fewer than 
at the meeting in the same city twenty- 
five years ago, when Sir John Lubbock 
presided and the fiftieth anniversary 
of the foundation of the association 
was eclebrated. The president this 
year was Dr. E, Ray Lankester, direc- 
tor of the British Museum of Natural 
History. His consisted of 
two parts—one a survey of the progress 
of scienee during the preceding twenty- 
five years; the second a discussion of 
the relations of the government to sci- 
ence. It is an almost impossible task 
for one to describe the extra- 
diverse scientific ad- 
vances of the past generation.  Al- 
though the address as printed is very 
long, numerous important topics are of 
necessity omitted, and others are per- 
haps unduly emphasized. It is not 
certain that Metehnikoff’s phagocytic 
theory of immunity occupies the im- 
portant place in modern science that 
is given to it in this address, nor even 
that radium twenty-five years hence 
will loom as large as it does now. 
In his review of the iniluence of sei- 
ence on the life of the community and 
its relation to the government, Pro- 
fessor Lankester takes the somewhat 


address 


man 


ordinary and 


pessimistie attitude whieh appears to) 


be common in Great Britain. 
that political administrators are alto- 
gether unaware of the vital importanee 


He says 


of science in public affairs and that 
whole departments of the government 
in which scientific knowledge is the one 
thing needful are carried on by min- 
isters and clerks who are ignorant of 
Dr. Lankester 
attributes this ignorance and dislike to 


seience and dislike it. 


“ the defective edueation, both at school 
and university, of our governing class, 


as well as to a racial dislike among 


all classes to the establishment and 


i] 
support by publie funds of posts which 


the average man may not expect to 
suceced by popular clamor or class 


privilege in gaining for himself—posts 


whieh must be held by men of special 
training and mental gifts.” 
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Dr. Lankester then enumerates on 
the other side of the account the estab- 
lishment of the Physical 
Laboratory, the subsidizing of the 
Marine Biological Association and the 
endowment of the Lister Institute by 
Lord lveagh. He continues: “ Many 
other noble gifts to seientifie research 
have been made in this country during 
the period on which we are looking 
back. Let us be thankful for them, 
and admire the wise munificence of the 
But none the less we must 
refuse to rely entirely on such ltber- 
ality for the development of the army 
of science, which has to do battle for 
mankind against the obvious disabil- 
ities and sufferings which afflict us and 
ean be removed by knowledge. The 
organization and finance of this army 
should be the care of the state.” 

The British Association will meet 
next year at Leicester under the presi- 


National 


deney of Sir David Gill, astronomer 
royal in South Africa. The meeting of 
1908 will be in Dublin, and in 1909 
the association will for the third time 
visit Canada, meeting in Winnipeg. 


SCIENTIFIC ITEMS 


Dr. Lupwic BoLtrzMANN, eminent for 
his work in theoretical physics, of 
which subject he was professor in the 
University of Vienna, has cominitted 
suicide. 

Proressor S. F. EArLe has resigned 
the directorship of the Cuban Central 
Agricultural Station, which was organ- 
ized in 1902.—Dr. H. C. Wood, for 
thirty years professor of therapeutics 
in the University of Pennsylvania and 
until 


cases of the nervous system, has retired 


1902 clinical professor of dis- 
from the active duties of his chair, 
and hax been made professor emeritus. 
—Dr. A. R. Crook, for the past twelve 
years professor of mineralogy and eco- 
nomic geology at Northwestern Univer- 
sity, has been appointed curator of the 
Illinois State Museum of Natural His- 
tory at Springfield, 
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THE BOGOSLOFS 


BY PRESIDENT DAVID STARR JORDAN snp GEORGE ARCHIBALD CLARK 


STANFORD UNIVERSITY 


ie the southern portion of Bering Sea, about thirty-seven nautical 

miles northwest from the island of Unalaska, hes a group of small 
yoleanie islets known as Bogoslof, in Russian, Joanna Bogoslova, St. 
John, the Theologian. There are now three of these, all of which have 
risen from the sea, hot and steaming, within historie times. An espe- 
cial interest attaches to them just now from the fact that the third 
and largest of the group appeared at about the time of the great earth- 
auake of April 18, 1906. 

The possibility of a connection between the disturbances at Bogoslof 
and those which caused the California earthquake is heightened by the 
fact that the great earthquake rift, which extends through the Coast 
fange of California for a distance of 200 miles, follows a direction, 
which, if produced northward to Bering Sea, would pass near the 
islands of Bogoslof. Again this earthquake rift was largest, and its 
effects more violent, where it entered the sea in Mendocino County 
than at any other point throughout its course, the extent of the lateral 
movement along the crack increasing from about two feet in Monterey 
County to about 1614 feet at Point Arena, where it finally enters 
the sea. 

In opposition to this view may be placed the improbability that an 
earthquake rift or fault would extend so far as from the center of 
California to Bering Sea, a distance of more than 2,000 miles, and 
through such great depths of water as intervene between Point Arena 
and Bogoslof. It is also stated that the evidence of the seismograph, 
so far as understood, favors the idea that the great earthquake was 
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OLD BoGosLOF OR CASTLE ISLAND. 


confined to California, althongh its center of disturbance was clearly 
in the sea ina westerly direction from Cape Mendoeino, 

It is evident also that the rise of the third Bogoslof was attended by 
little if any disturbance in the immediate vicinity. The advent of each 
of the other two islands was marked by earthquake shocks, the fall of 
voleanie ashes and displays of fire, observed and felt by the people of 
Liwiuk on Unalaska Island. ‘The people of this village in 1906 were 
unaware of the presence of the new island until the news was brought 
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in by vessels touching at the harbor, Earthquake shocks lasting 30 
seconds are reported for May 20 and 23 by the keeper of the light 
at Scotch Cap on Unimak Island, and a ‘ pretty severe shake’ oceurred 
at Duich Harbor on June 2, but nothing is reported for April or early 
May, when the new island must have risen. Certainly there could not 
have been any aetivity displayed by Maknshin or Akutan, both of which 
volcanoes overlook Unalaska and Dutch Harbor, without being observed 
by the people of these villages. Perhaps the rise of such an island, 
in a more or less plastic condition, as it must be, would not necessarily 
be attended by disturbance in the solid crust of the neighboring islands. 
On the Pribilof Islands, which had an origin similar to that of the 
Bogoslofs, no carthquake shock or other disturbance was noted, although 
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these islands were affected at the time of the rise of New Bogoslof in 
iss35. The Pribilof group lie 120 miles to the north of the Bogoslofs. 

On the whole, however, the weight of evidence at present seems to 
favor the idea that the Bogoslof disturbanee of 1906 was local in ehar- 
acter and the coincidence in date with the California carthquake in- 
volyes no aetual relation between the two phenomena. 

The writers first saw the islands of Bogoslof in July, 1896, while 
en route for the Pribilof Islands in connection with the fur seal investi- 
gations. The U. 3. Fish Commission Steamer -t/batross attempted to 
land the commission on Old Bogoslof. but was prevented by the heavy 
surf, and the thick weather made only a partial view of the islands 
possible. The vessel afterwards passed the islands on its way to the 
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THE NEW BoGosLor ISLAND 


Commander Islands under more favorable conditions. Dr. Stejneger 
of the commission obtained some excellent photographs. The senior 
writer, still later in the same season, passed both islands while on the 
British gunboat. Satellite, on the way from the Russian Islands to 
Unalaska. 

At that time Old Bogoslof, known to the sealers as Castle Island, 
from its appearance, was cold and dead. It showed in the fog a sheer 
chff or hill of ashes about 300 or 400 feet in height, seeming much 
higher in the uncertain light. It was apparently the home of countless 
sea birds and a small herd of the gray sea lions (Humetopias stellerv) 
was hauled ont upon one of its slopes. 

About half a mile to the northwest lay the islet of New Bogoslof, 
of about twice the height of the other and considerably greater area. 
This island’ was locally known as Fire Island, having but recently 
ceased to steam and smoke. There was in 1896 no evidence of aetivity 
in it, but the water was said to be still warm in the crevices of the 
rocks. The name Grewingk. in honor of the Russian geographer who 
compiled an early account of Old Bogoslof, has been given to this 
island by Mr. Dall. 

Both islands were surrounded with deep water. In faet the space 
oceupied by the second island had formerly been safely traversed by 
vessels. Dredge hauls by the Albatross about the islands resulted in 
the taking of a nuniber of deep sea forms of fishes, among them three 
‘erenadicrs’ (Albatrossia pectoralis, Bogoslovius clarkt, and Macrourus 
cinereus). These were obtained at a depth of 664 fathoms or 3,584 
fect. 
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Conspicuous mm the group of islets was an isolated pillar of rock, of 
considerable height, known as Ship or Sail Rock. It had existed from 
the carlicst times, having been reported as early as 1768. It was seen 
by Captain Cook in 1778, who mistook it for a ship under sail, hence 
lis name. ‘This was cighteen years before the rise of Old Bogoslof. 
Ship Rock crumbled and fell in ruins about 1888, 

About April, 1906, midway between Old and New Bogoslof, a third 
island, larger than either of the others appeared. Captain Dirks of 
Dutch Harbor estimates its size as five times that of New Bogoslof, 
although the photographs do not seem to bear this out. This new 
island was first seen by the U. 8. Fish Commission Steamer Albatross, 
Captain L. M. Garrett, on May 28, 1906, while on her wav to the 
investigation, under direction of Professor Charles II. Gilbert, of the 
fisheries of Japan. Soon after this date the U. 8. Revenue Cutter 
Perry visited the islands. Photographs were taken under the direetion 
of Lieutenant Hepburn, of the .tdbu/ross, and these, sent us by Mr. H. H. 
Taylor, of the North Aimerican Conanercial Company, are here repro- 
duced. together with photographs of Castle Island and Fire Island, 
taken by Mr. N. B. Miller of the .tbatross in 1892. 

The carly history of these very mteresting islands is given by Pro- 
fessor George Davidson in the Bullelin of the American Geological 
Sociely, Vol. NXUIL.. p. 267, and a detailed and exhaustive aceount of 
them by Dr. C. Hart Merriam, profusely illustrated, appears in the 
Report of the Harriman Expedition of 1899, Voh. TL. p. 291-536. 
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Of the advent of the first island, in 1796, the following account is 
given in Kotzebue’s narrative of discovery in 1817. The story is that 
of a Russian trader, Krinkof, who found himself with some native 
hunters forced to seek refuge from storm on the north end of Umnak 
Tsland, the island of the Aleutian chain, nearest the Bogoslofs. It 
was in May and when the storm cleared on the 8th, Notzebue tells us: 


They saw to the N., several miles from land, a column of smoke ascending 
from the sea; toward evening they observed under the smoke something black, 
whieh arose but a little above the surface of the water. During the night fire 
ascended into the air near the spot, and sometimes so violent, and to such 
height, that on their island, which was ten iniles distant, everything could be 
distinetly seen by its light. An earthquake shook their island, and a frightful 
noise echoed from the mountains in the 8S. The poor hunters were in deadly 
anxiety; the rising island threw stones towards them, and they every moment 
expeeted to perish. At the rising of the sun the quaking ceased, the tire visibly 
decreased, and they now plainly saw an island of the form ef a pointed blaek 
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eap. When Kriukof visited the island of Oommak, a month afterward, he found 
the new island, which during that time had continued to emit fire, considerably 
higher. After that time it threw ont less fire, but more smoke: it had inereased 
in height and eireumference, and often changed its form, For four years no 
more smoke was seen, and in the eighth year the hunters resolved to visit: it. 
as they observed that many sea Hons resorted to it. The water round the 
island was found warm, and the island itself so hot in many places that they 
eould not tread on it. 


The eruption of 1883, which resulted in the rise of New Bogoslof, 
seems to have had no eve-witnesses and the exact date of its appearance 
is unknown. Captain Anderson of the schooner Matthew Turner 
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saw the new island in September, 1883, and reported that great 
volumes of steam and smoke, accompanied by showers of ashes, were 
thrown out from the summit and through fissures-in the sides and 
base, the bright reflections from the heated interior being visible at 
night. At the time of this eruption a severe earthquake was felt 


in the sea off Cape Mendocino, apparently in the line of the Portola- 
Tomales rift of April, 1906. 

The islands were visited in 1884 by the officers of the U. S. Revenue 
Cutter Corwin, and Lieutenant J. C. Cantwell and Surgeon H. W. 
Yemans made the ascent of New Bogoslof. Lieutenant Cantwell thus 
deseribes his experience in the ‘ Cruise of the Corwin’: 


The sides of New Bogoslof rise with a gentle slope to the crater. The 
ascent at first appears easy, but a thin layer of ashes, formed into a crust by 
the action of rain and moisture, is not strong enough to sustain a man’s weight. 
At every step my feet erushed through the outer covering and I sank at first 
ankle-deep and later on knee-deep into a soft, almost impalpable dust which 
arose in elonds and nearly suffocated ine. As the summit was reached the heat 
of the ashes heeame unbearable, and I was forced to continue the ascent by 
picking my way over rocks whose surfaces, being exposed to the air, were some- 
what cooled and afforded a more secure foothold. 

On all sides of the cone there are openings throngh which steam escaped 
with more or less energy. I observed from some vents the steam was emitted 
at regniar intervals, while from others it issued with no intermission. Around 
each vent there was a thick deposit of sulphur which gave off suffocating vapors. 


The islands were visited by Drs. C. Hart Merriam and T. C. Menden- 
hall of the Bering Sea Fur Seal Commission in 1891. Dr. Merriam 
writes thus of New Bogoslof as seen at that time: 


The new voleano was enveloped in steain, which issned from thousands of 
small eraeks and crannies and poured in vast clouds from a few great fissures 
and crater-like openings, the principal of which was near the northwest corner, 
only a few feet above high water mark. From this opening, the shape of 
which we could not see, it rushed out with a loud roaring noise. So great 
was the qnantity of steam that it completely concealed the upper part of the 
island exeept when wafted to and fro by violent gusts of wind. . . . The 
steam was usually impregnated with fumes of sulphur, and deposits of sulphur, 
some in very fine needles, were observed along the margins of the eracks. 


Of the third Bogoslof, Dr. Charles H. Gilbert, of Stanford Uni- 
versity, who was in charge of the work of the Albatross when the 
‘brand new mountain’ was first seen on May 28, 1906, writes thus in a 
personal letter regarding it: 

When | saw it (Bogoslof) in 1890 there were really two small] islands about 
1%, miles apart, one of them steaming and the other already cooled off. This 
has been the eondition for a number of years, so the hot one had received the 
name of Fire Island, the cold one, Castle Island. When they came in sight 
yesterday, we were astonished to find that Fire Island was no longer smoking 
and that a very large third island had arisen half way between the other two. 
It was made otf jagged, rugged lava and was giving olf clouds of steam and smoke 
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from any number of little craters scattered all over it. Around these craters, 
the rocks were all crusted with yellow sulphur. 


In a later letter. written from Yokohama, Dr. Gilbert said: 


I wrote you a full account of Bogoslof, but the letter seems to have mis- 
carried. Our discovery scems to have been corroborated later by some revenue 
entter, but if the newspaper report agrees with their findings, very extensive 
changes took place in the mterval between the two visits. When seen by us, 
the new cone, oceupying much of the space between the two older ones, was 
somewhat higher than either, but was certainly far from 900 feet high—300 
feet would be an extreme figure. There was no evidence of a central crater. 
The steam and fumes were given off most abundantly from cracks and fuma- 
roles on the slopes. About these were heavy incrustations of sulphur. We 
saw no indications of boiling water, nor did we believe that landing would be 
impossible. 


In an aceount of the physical history of the Bogoslofs, written in 
1899 for the report of the Harriman Expedition, Dr. Grove K. Gilbert, 
of the U. 8. Geological Survey, noting the rapid disintegration of the 
islands, said: 

One might predict that in the next century the name Bogoslof would 
attach only to a reef or shoal, were it not for the possibility of new eruptions. 
The pulse of the volcano is so slow that we have noted only two beats in more 
than a century, but such sluggishness must not be taken as a symptom of 
death, or even decline, for yoleanic organisms are characteristically spasmodic 
in their activity. Long before the sea has established its perfect sway the 


arteries of the mountain may again be opened and a new and larger island put 
forth to contest its supremacy. 


Nearly a century elapsed between the arrival of the first and second 
Bogoslof, only twenty-three years between the second and third. 

The floor of the depths of Bering Sea in this region seems to be 
still unsettled, and astonishing changes may be looked for at any time. 
If it should prove true that the geological faults of California extend 
out from this center. a new interest would be attached to the outbreaks 
of Bogoslof. 
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NOTES ON THE DEVELOPMENT OF TELEPHONE 
Sve liss NE, 


By FRED DE LAND 
PITTSBURG, PA. 


IV. Lyxploiting The Telephone 


i the fall of 1876, Gardiner Greene Hubbard began to systematic- 

ally exploit the electric-speaking telephone invented by Alexander 
Graham Bell. In the vicinity of Boston a number of private telephone 
lines were strung, some of which were two or three miles in length, to 
connect mills and offices or offices and residences. In some imstances, 
where private telegraph lines already existed, the telegraph instruments 
were replaced with a pair of telephones. 

On October 9, 1876, a telephone was attached to each end of a 
telegraph circuit owned and operated by “* The Walworth Manufactur- 
ing Company, extending from their office in Boston to their factory in 
Cambridge, a distance of about two miles. The company’s telegraph 
battery consisting of nine Dantell’s cells, were removed from the circuit, 
and another of ten carbon clements was substituted.” It 1s recorded 
that ‘‘ articulate transmission then took place through the wire. The 
sounds, at first faint and indistinct, became suddently quite loud and 
intelligible.” Another instance of the early practical use of the tele- 
phone was in connecting the water works with the central office of the 
water commissioners, of Cambridge, Mass. On April 4, 1877, a tele- 
phone circuit was strung to connect the factory of Charles Wilhams. Jr., 
in Court Street, Boston, with his residence in Somerville. This is said 
io be the first telephone circuit constructed in the United States, the 
earlier ones being transformed telegraph lines. A number of other 
private telephone lines were built in and about Boston early in 1877. 
In fact a number of small contractors found it profitable to string 
private lines, and strove to secure orders for this class of work. — For 
they would run the cireuits on the poles of the telegraph companies 
without pernnssion, or bracket them to house-tops, to trees, to any 
place that a bracket or a porcelain knob could be attached, paying no 
attention to property rights. 

In ihe winter of 1876-77, experimental toll service over telegraph 
circuits was suceessful for distances of several hiuimdred miles, even 
from Boston to New York. In November, 1876, Graham Bell found 
no difliculiy in carrying on conversation over telegraph circnits between 
New York and Bosion, using only a pair of box magneto-telephones, 
so Jong as the parallel wires were not in service. * When this hap- 
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pened,” he said, “the vocal sounds were very much diminished, but 
still audible. It seemed, indeed, like talking in a storm. Conversa- 
tion, thongh audible, contd be carried on with difliculty.” 

On February 12, (877, Graham Bell dchvered a lecture on the tele- 
phone at Salem, Mass., eighteen miles from Boston. At 10:55 P.M, 
a reporter of the Boston Globe turned in his report by telephone and 
this was the first newspaper report sent by telephone. Previous to the 
lecture a wire was strung from the lecture hall to a telegraph cireuit 
connected with the editorial rooms. Then a single telephone was placed 
on each end of the hne. 

The telephones used in these pioneer lines were of the box magneto 
type and intended to rest on shelf, table or desk. Several modifica- 
tions of this form were made. An interior view of the form sent out 
in April, 1877, is shown in Fig. 4. Then came the wooden hand 
telephone (Fig. 5) in May, 1877. Owing to its resemblance to a well- 
known kitchen utensil, it was promptly called ‘the butter-stamp tele- 
phone. Ti was such a decided improvement in shape and convenience 
over the box telephone that it won its way from the start. Then came 
the first of the clectrie-speaking telephone circulars. Three pages con- 
tained endorsements by the press and scientists, while the first page 
contained the followmg statements that appear unique in the hght of 
later knowledge: 
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Fic. 4. Box TELEPHONE, COVER REMOVED. 


The Telephone 

The proprietors of the telephone, the invention of Alexander Graham Bell, 
for which patents have been issued by the United States and Great Britain, 
are now prepared to furnish telephones for the transmission of artieulate speeeh 
through instruments not more than twenty mites apart. Conversation can be 
easily earried on after slight practiee and with oecasional repetition of a word 
or sentenee. On first Hstening to the telephone, though the sound is perfectly 
audible, the artieulation scems to be indistinet; but after a few trials the ear 
becomes aceustomed to the peculiar sound and finds little difheulty in wnder- 
standing the words. 

The telephone should be set in a quiet plaee, where there is no noise which 
would interrupt ordinary conversations. 

The advantages of the telephone over the telegraph for loeal business are 

1. That no skilled operator is required, but direct communieation may be 
had by speech without the intervention of a third person. 

2. That the eommumieation is much more rapid, the average number of 
words transmitted a minute by Morse sounder being from fifteen io twenty, by 
telephone from one to two hundred. 

5. That no expense is required either for its operation, maintenanee, or 
repair. It needs no battery, and has no complieated maehinery. It is unsur- 
passed for economy and simpheity. 
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The terms for leasing two telephones for soeial purposes connecting a 
dwelling-house with any other building will be $20 a year, for business pur- 
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poses $40 a year, payable semiannually im advance, with the cost of expressage 
from Boston, New York, Cincinnati, Chicago, St. Louis, or San Francisco. The 
instruments will be kept in good working order by the lessors, free of expense, 
except from injuries resulting from great carelessness. 

Several telephones can be placed on the same line at an additional rental of 
$10 for each instrument; but the use of more than two on the same line where 
privacy is required is not advised. Any person within ordinary hearing dis- 
tance can hear the voice calling through the telephone. If a Jouder call is 
required one can be furnished for $5. 

Telegraph lines will be constructed by the proprietors if desired. The price 
will vary from $100 to $150 a mile; any good mechanic can construct a line; 
No. 9 wire costs 83 cents a pound, 320 ponnds to the mile; 34 imsulators at 
25 cents each; the price of poles and setting varies in every locality; stringing 
wire $5 per mile; sundries $10 per mile. 

Parties leasing the telephone incur no expense beyond the annual rental 
and the repair of the line wire. On the following pages are extracts from the 
press and other sourees relating to the telephone. 

Cambridge, Mass., May, 1877. GarRpINER G. HUBBARD. 

For further information and orders adress 
Thomas A. Watson, 109 Court St., Boston. 


The work of supplying to customers the hand telephones, referred to 
in the foregoing cireular, was entrusted to Graham Bell’s assistant, 
Mr. Thomas A. Watson, who had entered the employ of the proprietors 
of the telephone about April 1, 1876. He oceupied a smal] amount 
of desk room and much bench room in the small faetory of Charles 
Williams, at 109 Court Street, Boston. Here Mr. Watson made up 
and assembled the parts, as the telephones were called for. Naturally, 
improvements were the order of the day, and soon a smaller and more 
attractive mahogany handle magneto-telephone was adopted. 

How rapidly ‘ Bells toy’ began to win its way into public favor 
is indieated by the statement that on July 31, 1877, or less than four 
months from the dav ihe first cireular was sent out by Mr. Hubbard, 
‘78 telephones had been leased, while in all probability an equal num- 
ber of experimental telephones had been made by mechanics and scien- 
tists who thought that it would be an easy matter to improve upon 
Bell’s method. When the year 1877 elosed, there were 5.491 Bell 
telephones in use. 
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Naturally this good demand for so serviceable an instrument en- 
couraged ‘the proprietors’ of the Bell patents to branch out on a little 
broader basis. As Graham Bell had transferred all right, title and 
interest to Mr. Hubbard on July 9, 1877, thus placing the control in 
the latter’s hands, on August 1, 1877, Mr. Hubbard organized the 
Bell Telephone Association, of Boston, without capital stock and served 
as trustee, while Mr. Sanders acted as treasurer. 

Then the development of the exchange business and the assignment 
of territorial rights began in earnest, and Mr. Hubbard visited all the 
larger cities seeking to interest men of prominence. But though he 
journeyed hither and thither, striving to influence capital to favorably 
consider the telephone as a desirable investment, yet the task of inter- 
esting investors in the development of local exchanges proved difficult, 
und progress was made slowly in the United States. 

In Europe some progress was made through elaborate experiments 
carried on by foreign governments to praetically demonstrate the utility 
of the telephone. On November 28, 1877, it was ollicially promulgated 
that ‘the introduction of the telephone in the practical telegraph serv- 
ice of the German Empire has been formally aecomplished; and the 
passing of the telephone into practical use may be regarded as satis- 
faetorily completed” This conelusion was based largely on the excel- 
lent results secured on a toll circuit two hundred and thirty miles long, 
established between Berlin and Prince Bismarck’s country residence 
at Varzin, in Pomerania, early in October, 1877. Probably that was 
the first official recognition of the practical value of the telephone on 
the part of a foreign nation. Yet, early in 1877, Mr. Preece, the head 
of England’s telegraph department, had notified his government that 
Alexander Graham Bell “has rendered it possible to reproduce the 
human voice with all its modulations at distant points. I have spoken 
with a person at various distances up to thirty-two miles.” In No- 
vember, 1877, conversation was excellently maintained for two hours 
between Dover and Calais, a distance of twenty-two miles, by using a 
telegraph circuit in a submarine cable. Then, in Deeember, 1877, 
Mr. Preece officially reported having successfully carried on a long 
conversation through a submarine telegraph eable sixty-seven miles 
in length, extending from Dublin to Holvhead, by means of hand 
telephones. 

In the United States the first lease for territorial rights was executed 
on October 24, 1877, with the Telephone and Telegraph Construction 
Company, of Detroit, Michigan; yet eleven months passed before a 
telephone cxchange was opened in that eity. 

The second lease was assigned to the District Telephone Company 
of New Haven. Connecticut, and included the counties of New Haven 
and Middlesex. The former county was rapidly developed and has the 
honor of having established within its limits the first two commercial 
telephone exchanges (at New Haven and at Meriden), the first mutual 
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telephone exchange (Bridgeport), the first private branch exchange 
system (Ansonia), and the first telephone toll lines regularly connected 
to operating commercial telephone exchanges. 

On February 12, 1878, territory was assigned to the New England 
Telephone Company, of Boston. On March 8, 1878, a license was 
granted to the American District Telegraph Company, of St. Louis, 
and on July 3, 1878, a leense was granted for New York City and 
including a radius of thirty-three miles. 

This activity created quite a demand for telephones, and by. the end 
of July, 1878, over 12,000 had been placed. Thus it was deemed wiser 
to organize a larger and more flexible corporation. So, on July 30, 
1878, Mr. Hubbard organized the Bell Telephone Company, of Boston, 
under the laws of Massachnsetts, to manufacture, sell and use tele- 
phones outside of New England, and capitalized it at $450,000. Mr. 
Hubbard was trustee, Mr. Sanders, treasurer, Dr. Bell, electrician, and 
Thomas A. Watson, snperintendent. This company acquired all the 
patents, property and righis of its predecessor, the Bell Telephone Asso- 
ciation, and its headquarters remained at the Williams factory at 109 
Court Street. 

This second parent company entered into nine formal agreements 
granting exclusive rights to use Bell telephones in certain specified 
territory, and did sneh exeellent work in developing the opening of 
exchanges, that some 22,000 telephones were in service when, on March 
15, 1879, it was deemed the wiser plan to organize a new parent com- 
pany having sufficient financial backing combined with the personal and 
commercial influence that would enable the business to be handled on 
the large scale that ripening conditions demanded. So the National 
Bell Telephone Company was chartered under the laws of the state of 
Massachusetts, and the company capitalized at $850,000. The executive 
offices of this parent company were moved to New York, m August, 
1878, and located at 66 and 68 Reade Street. <A year later the com- 
pany moved back to Boston and secured offices at 95 Milk Street. 

The officials and directors of the National Company were: 


W. If. Forbes, President. Ajexander Graham Bell, Electrician. 
G. L. Bradley, V.-Pres. and Treasurer. Francis Blake, Jr., Electrician. 
T. N. Vail, General Manager. O. EF. Madden, Supt. of Agencies. 

Thomas A. Watson, General Inspector. 

Directors 

William If. Forbes, Francis Blake, Jr., Charles Eustis Hubbard, 
Charles S. Bradley, chard S. Fay, Alexander Cochrane, 
Gardiner (. Hubbard, George Z. Silsbee, George L. Bradley. 
Thomas Sanders, William G. Saltonstall, 


Ewccutivre Committce 


W. TL. Forbes, Gardiner G. Hubbard, Francis Blake, Jr. 
R. 8. Fay, Thomas Sanders, 


Now to turn back a year. Before the close of 1878, men suecessful 
in other lines of industry perceived that if the crude and limited 
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facilities offered by these early exchanges afforded a service esteemed 
by the public as a desirable convenience, then the manifold advantages 
that might be derived from a telephone exchange system embracing 
all the probable users of telephone service in a town or city, would be 
in direct ratio to the growth and expansion of that system. Hence, 
as it appeared evident that this new industry had come to stay, and 
was quite likely to prove a good revenue producer, capitalists began to 
look favorably upon * Bell’s toy” to wonder whether it might not turn 
out to be an exceedingly valuable invention, and whether it was safe 
to infringe the Bell patents. Thus it came about that before the close 
of 1878, a ntmber of promoters who had formerly seoffed at the in- 
ventor and his telephone were offering large sums in cash for exclusive 
rights to operate in given territory, in several cases paying a good 
premium for the same rights oifered for a nominal payment a year 
previous. 

These sudden conversions to implicit belief in the tangible value of 
the telephone appear the more remarkable when we recall the faet that 
throughout the United States commercial and financial affairs remained 
in a depressed condition during the entire vear of 1878, and it was an 
exceedingly difficult matter to get capital interested in any new enter- 
prise. Nevertheless, nearly seventy Bell exchanges were in process of 
being planned, or were under construction, or were in operation when 
the year closed. In the following named cities Bell exchanges were 
in operation at the close of 1878, and, while the number of telephones 
shown in service is comparatively small, the records show that several 
of these exchanges had secured from two to four times that number 
of contracts, and were connecting new subscribers as rapidly as possible. 
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Then exchanges were in process of construction in Washington, 
Louisville, New Orleans, Nashville, Cleveland, Springfield, Hartford, 
Providence and other places. 

A very different condition of affairs prevailed in financial and com- 
mercial circles a year later, when, in the autumn of 1879, the resump- 
tion of specie payment caused a feeling of elation to pervade all 
branches of industry, and started a remarkable boom in railway con- 
struction and in stock speculation that spread throughout the country. 
Thus it was not surprising that many investors appeared eager to 
identify themselves with the telephone industry, nor was it so remark- 
able that as one of the results of this frenzied activity, there were sey- 
eral hundred operating Bell companies when the year of 1879 elosed. 
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Kach of these companies operated under its own management, was 
governed by its own policy, and supplied its service at such rates as 
each thought best adapted to meet the views of local patrons. There 
was little or no uniformity in these rates, for the majority had been 
established not only without regard to the brief but costly experience 
with low rates that the companies established in 1878 had passed 
through, but adversely to the sensible suggestions of the parent com- 
pany to make the service so good that business houses would pay at 
least a dollar a week for local telephone service. Again, not only were 
rates established without a due regard for the amount of cash invest- 
ment that would be required per subscriber, but in entire forgetfulness 
of two essential factors in determining cost of production and supply: 
(1) Decrease in plant valuation due to improvements in the art, and 
(2) the destructive action of the elements. 

In some states there was, in 1879, a Bell license for each county, 
and as each licensee was wholly independent of any and all other 
licensees, there naturally came to be a great diversity of opinions re- 
garding proper methods of construction and operation, equitable inter- 
change of toll-line traffic, profitable rates and the legal protection that 
ihe parent company should insure to its licensees. Furthermore, the 
broader-minded licensees began to perceive that the telephone business, 
instead of being merely a local issue, was not only interurban and 
interstate in character, but continental in scope, and that the healthy 
growth and ultimate suecess of these operating companies were largely 
dependent on the scope and the character of the service supplied, rather 
than on patent protection. In 1879, it was also foreseen that an 
amount of capital many times larger than the original estimate called 
for would have to be invested to place the business on a permanent 
foundation. ‘Thus the wisdom of consolidating these small county 
licensees into large state or interstate companies was perceived, and 
large operating companies controlling exchanges in many counties were 
in existence before the close of 1879. 

Incidentally it is worth while to recall that while some of the 
pioneers were men to whom too much eredit can not be given for the 
intelligent and persistent manner in which improvements in and ex- 
tensions to the service were introduced, there were other pioneers whose 
grasp of the problems they were facing was exceedingly slight, though 
these latter gentlemen had no hesitation in branding as heretical all 
views opposed to their own, or in combatting the progressive sugges- 
tions of the parent company. Even the technical press was pessimistic 
in belief concerning the future of the telephone. In 1882, the editor 
of The Operator wrote: “The telephone is almost entirely a local con- 
venience, nearly as much so as gas lighting and horse cars; its monopoly, 
whieh is not an oppressive one, rests upon the possession of patents, 
and must expire with the patents.” 
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That some among the principal Bell licensees had much to learn 
concerning telephone problems is well illustrated by the published 
statement of the president of one of the most prominent companies. 
In 1883, he was quoted concerning the need of long-distance service, 
as follows: 


In the first place it has never been demonstrated that a continuous wire of 
one hundred miles is necessary. Such a wire has never been called for or de- 
manded for any purpose, financial or otherwise. How could it pay? You may 
accept as a fact that no system of telephony which extends beyond a radius of 
twenty or thirty miles from any city, however large, will prove a paying invest- 
ment. For purely commercial or financial interests, the telephone will not come 
into favor as a medium of direct transmission between large cities. The tele- 
phone, like any other enterprise, is valuable so long as it pays, and when it 
ceases to prove profitable in a pecuniary point of view, its scientific uses will 
not avail much. To sum up the whole matter, the value of the telephone is 
confined, as J have mentioned, within a certain radius—that is where it has 
many lines, and beyond that it has no money earning-capacity. 

Yet within a year from the publication of that statement a num- 
ber of toll lines, each more than a hundred miles in length, were in 
operation, notably one from Denver to Pueblo, in Colorado, one hun- 
dred and eleven miles long. ‘This line was built with only 2,619 poles, 
and cost only about $13,000. Under present methods of construction 
a line of corresponding length and built in that section of country 
would probably include 4,900 poles and would cost about $90,000, in- 
cluding a heavy copper circuit. 

Another apt illustration is found in the interview given in 1883, 
by the president of two large Bell companies, and who was called ‘ the 
leading practical expert of the country.’ 


To talk over the 1,200 miles between Chicago and New York there must be 
used either a compound wire or an iron one several times as heavy—an imprac- 
ticable size. The copper wire would require about 36 poles to the mile, and I 
have roughly estimated its cost at $400,000. Only one wire could be used upon 
one set of poles, for even at the extreme ends of long cross arms, at such a dis- 
tance what was said to one wire would be heard on the other and vice versa, 
owing to induction. In faet we find it impracticable for this reason to put 
more than one wire on one set of poles for distances greater than three miles— 
four miles being the very limit, even if far apart. 


V. Lhe First Mutual Telephone Exchange 

On Friday evening, April 27, 1877, twenty-nine years ago, Alex- 
ander Graham Bell delivered a lecture on his electric-speaking tele- 
phone at the opera house in New Haven, Connecticut, and also ad- 
dressed audienees in Hartford and in Middletown, with the aid of 
telephones connected to a telegraph cireuit loaned by the Atlantic and 
Pacific Telegraph Company. Mr. Frederick Gower delivered the lec- 
ture in Hartford, and Mr. Thomas A. Watson was in charge in Middle- 
town. After giving a number of intcresting illustrations of the serv- 
iceability of the telephone, and the ease with which conversation could 
be carried on over considerable distances, Dr. Bell claimed that the 
time was coming when a telephone in every house would be considered 
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indispensable, that the telephone would displace the telegraph in many 
business transactions, and that a man of business would have no more 
difficulty in talking with his agent a hundred miles away than in di- 
recting his servant through the speaking-tube. And he further stated 
that the telephone wires would yet be laid underground, as gas and 
water pipes are now laid. In Hartford, Mr. Gower explained the tele- 
phone and the many ways in which it could be utilized, and said: 

And Smith will have a wire to the central office in Hartford, while his cor- 
respondent or branch house in Boston or New York will be similarly connected 
there. Smith will say to the hole in the wall: Switch me upon 500 State street, 


Boston. Whereupon the central officer will turn the little lever, and Smith may 
talk with his friend all day. 


Back to that lecture in April, 1877, more than twenty-eight years 
ago, dates the conception of the movement that resulted in the estab- 
lishment of the modern telephone exchange. for the earliest among 
all telephone exchanges were established in Connecticut, Bridgeport 
claiming the honor of the first mutual telephone exchange system, and 
Hartford the second; Ansonia, the first private exchange system in 
which a regular switching system and operator were employed; to New 
Haven rightfully belongs the honor of having the first commercial tele- 
phone exchange ever opened, while to Meriden is credited the second 
of the commercial exchanges. And the manner in which the telephone 
was introduced for public use in each place is indicative of the way in 
which it was first established in many other cities. 

During the past twenty years Mr. Thomas B. Doolittle has been 
one of the most widely-known, capable and companionable telephone 
men in the country, and has planned a greater mileage of telephone 
pole lines than any other man. In 1887 Mr. E. J. Hall said: “The 
first really practical success in talking over long distances was the 
copper metallic cireuit constructed between New York and Boston by 
Mr. T. B. Doolittle, for the American Bell Telephone Company, in 
1883. The distance was about 300 miles, and I call it the first prac- 
tical suecess because it was the first circuit that worked at all times 
regardless of outside electrical disturbances.” 

In 1874 Mr. Doolittle was a well-known manufacturer of metal 
goods in Bridgeport, Connecticut. During that year he assisted in 
the establishment of a social telegraph system, in which some twenty 
or thirty users of the Morse code were connected by telegraph circuits 
that terminated in a special switchboard in the Bridgeport office of the 
Atlantic and Pacific Telegraph Company, the necessary switching being 
performed by the local telegraph operator. 

In June, 1877, the closing of the A. & P. telegraph office, through 
absorption by the Western Union, temporarily suspended this local 
service, and necessitated other arrangements. Having become a firm 
believer in the future of the telephone, Mr. Doolittle secured four pairs 
of Bell’s wooden hand telephones, and placed one pair on each of four 


DEVELOPMENT OF TELEPHONE SERVICE 499 


lines; then he installed a home-made switching device in his office, and 
for a signaling device employed a single-stroke bell operating on a 
gravity-battery current. Then he devised a method of preventing 
eavesdropping that in May, 1878, was declared ‘a great improvement 
on any other telephone system now in use. So satisfactory did these 
instruments prove that other lines were similarly equipped and soon a 
mutual telephone exchange system was in full operation, that later on 
formed the nucleus of the commercial exchange opened in Bridgeport 
by Mr. Doolittle in 1878. 

In the fall of 1877 he planned and built a private telephone ex- 
change system for the Ansonia Brass and Copper Company, of An- 
sonia, that, while in no sense a commercial exchange system, was indi- 
rectly of incalculable benefit to the growth and prosperity of the entire 
commercial telephone industry. For in planning this system Mr. 
Doolittle decided to use circuits of copper instead of iron, and, after 
many experiments, produced a hard drawn copper wire of his own 
adaptation, the drawing of which he supervised in the mills of that 
company. 

Prior to that time it had been found impossible to use copper wire 
on pole line circuits, as its extreme ductility proved a source of con- 
tinued elongation in all spans of any length and where the strain was 
constant. By the Doolittle process the tensile strength of the wire 
was greatly increased, its elongation reduced to about one per cent., 
and there was no appreciable change in its conductivity. Yet it re- 
quired ten years of costly experience with iron wire circuits before 
the telephone interests fully comprehended the inestimable value of 
this improvement. In September, 1880, at a conference of telephone 
men, the representative of a very large wire-drawing mill stated that 
“copper wire has ceased to be discussed for telephone line use. It is 
too soft and elongates too readily under exposure. The suitable wire 
must be tough pure iron, well manipulated to secure flexibility and 
toughness.” 

Referring to this pioneer work, Mr. Doolittle wrote: 

Hard drawn copper was the result of an adaptation rather than a discovery, 
although many of its valuable properties were not appreciated until after it 
had been in service several years. Prior to its introduction for aerial conductors 
there was very little, if any, call for the hard product. Copper wire was usually 
annealed after drawing and sold in that form. Copper alloyed with other metal 
was, and is now, used in the manufacture of hard or spring wire. It is the com- 
mon knowledge of all who are familiar with the manipulation of copper that 
the process of drawing it into wire serves to harden the surface. Thus it will 
be seen that the experiments which resulted in the so-called hard drawn copper 
wire were based upon a well-known principle, although the application of this 
principle had never been made use of for the final product. The writer was 
familiar with this phenomenon of the hardening of drawn copper at the time 
he entered the field of electricity; therefore, when it was disclosed to him that 
copper was not only one of the best conductors of electricity, but was the cheapest 


in conductivity, or per mile olm, it was only left for him to determine whether 
or not this hardening process could be made available in order that copper wire 
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should be comparable to iron in its ability to stand the strain of its own weight 
when strung on poles, and, in addition thereto, the weight of sleet or snow and 
wind pressure. There was no mathematical road to determine this factor; there- 
fore it was simply a case of ‘ cut and try.’ 


It was for producing in 1877 the five hundred pounds of No. 12 
B. & 8S. gauge hard drawn copper wire used in stringing the aerial 
circuits in the Ansonia Brass and Copper Company’s private telephone 
exchange system that the Franklin Institute awarded to Mr. Doolittle 
the Edward Longstreth medal of merit. 

In connecting up the different offices and mills of the Ansonia 
Brass and Copper Company he built substantial pole lines, installed a 
home-made type of switchboard to which all circuits were attached 
and had a regular operator employed. A pole line was also built to 
the freight station of the Derby Railroad Company, and a telephone 
installed there and connected to the main switchboard, thus enabling 
any department to get in immediate communication with the freight 
station. This system was completed and in successful operation on 
December 4, 1877. Then, when the Connecticut Telephone Company 
came into possession of the territory by virtue of purchasing the rights 
of earlier Bell licensee systems, and thus possessed the sole right to 
operate telephone exchanges under the Bell patents, it claimed that this 
pioneer private exchange was a commercial exchange by reason of con- 
nections to outside interests, although calls were exchanged without 
thought of payment, and thus was infringing the rights of the Con- 
necticut Company. So that exchange was closed. Later on a private 
branch exchange system was regularly installed for the Ansonia Brass 
and Copper Company, and now that company is the largest user of 
telephone equipment and service in Connecticut. 

Probably Hartford can be credited with establishing the second 
mutual telephone exchange system. Three months after Dr. Bell’s 
lecture, an agent for the Bell company called on the principal mer- 
chants in Hartford and tried to induce them to utilize the telephone as 
a business-bringer. On July 19, 1877, the local manager of the 
Western Union, Mr. G. B. Hubbell, secured the agency of the Bell 
telephone. On August 9, 1877, the Hartford Courant stated: “ At 
the Capital Avenue drug store there is a telephone of simple construc- 
tion connected with the residence of Dr. Campbell.” On August 22 
the Courant stated that “ At the regular meeting of the allopath physi- 
cians on Monday evening, experiments were successfully tried with 
the telephone, and it is proposed to have a system of intercommunica- 
tion between the doctors established by means of this new invention, 
so that by reporting to the central office at the Capital Avenue drug 
store, they can readily exchange views between office and office.” In 
September, 1877, Isaac Smith, owner of the Capital Avenue drug store, 
had one and possibly two party-hnes working in Hartford, and ter- 
minating in his store. On October 8, 1877, Smith advertised as fol- 
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lows: “ Prof. Bell’s Telephone. I am prepared to build and equip 
telephone lines at moderate rates. Telegraphic lines, with Morse or 
other instruments, built of the best material. Please call and examine 
our telephone lines in operation.” In November, 1877, Dr. Crane, a 
dentist in Hartford, had a party-line on which were six physicians and 
six druggists, including Smith, and on November 15 Crane advertised : 
“ Messages sent direct from my office to the following places by tele- 
phone.” On January 24, 1878, the Courant announced that “ When 
word came to Hartford of the accident on the Connecticut Western, 
information was dispatched to the central office from whence run wires 
to many physicians of this city. In a very short space of time and 
within a few minutes of each other, nearly a score of doctors and sur- 
geons were at the depot.” 

As a rule, in the beginning the messages sent over these early tele- 
phone lines were not switched through, but received at one telephone 
by ‘Central’ and repeated to the subscriber through another telephone. 
For there was one telephone for each circuit terminating in the central 
office; if there were six subscriber-lines, then there were six hand tele- 
phones hanging on the wall of the central office. But this was not the 
case at Bridgeport, Ansonia, New Haven or Meriden. 

In May, 1877, Mr. Edwin T. Holmes used Bell’s hand telephone 
as an accessory to his central-office burglar-alarm system in Boston, 
one set of wires serving for both purposes. Five of these alarm wires 
were cut through a small brass telegraphic pin switchboard, enabling 
a hand telephone to be connected or plugged-in on any line. Mr. F. 
E. Kinsman, who was then in the employ of Mr. Holmes, said that 
(in August, 1877) the service was not given by connecting any two 
circuits together, but that “it was made by the operator taking the 
message and turning about and talking through the telephone to the 
party to whom the message was given.” Three months later Mr. 
Holmes installed hand telephones in many of the wholesale and com- 
mission houses to enable these subscribers to the system to notify the 
Holines central office to tell the express company to call for packages 
ready for shipment. Then a central switchboard system was installed 
and, in March, 1878, there were 256 hand telephones in use. The use 
of hand telephones only is said to have continued in this system for 
more than twelve years, although the number of subscribers finally 
exceeded 500. 
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THE JEWS: A STUDY OF RACE AND ENVIRONMENT. IIL. 


By Dr. MAURICE FISHBERG 
NEW YORK CITY 


Mixed Marriages between Persons of Different Christian 


Denominations 


HE assumption that Jews and christians refrain from intermarriage 
because of an inherent racial antipathy existing between the 
Aryan and the Semite is disproved by the large number of mixed mar- 
rlages in western Europe and America. All the facts go far to prove 
that the only reason why they have not intermarried during the middle 
ages and even as far as the first half of the nineteenth century was the 
difference of religious belief. It was both the church and the syna- 
gogue which discouraged intermarriage between Jews and christians. 
Not only has the church prohibited intermarriage with Jews, moham- 
medans and heathens, but even the adherents of the different christian 
denominations have been thus enjoined. In the beginning of the 
nineteenth century intermarriage between catholics and_ protestants 
was comparatively rare in Europe and America. With the change of 
conditions characteristic of our age, a spirit of toleration has become 
dominant, and mixed marriages are to-day more or less common. In 
some countries in Europe denominational statistics have been compiled, 
and these are of considerable interest in this connection. In Hungary, 
where many religious confessions are represented, the following are the 
rates of intermarriage: To 100 marriages contracted in 1903 between 
persons of the same creed there are mixed marriages among unitarians, 
167.73; protestants, 49.39; reformed church, 48.52; Greek catholic, 
42.79; Greek oriental, 16.88; Jews, 7.21. Here we find a connection 
between the degree of religious toleration and the proportion of mixed 
marriages. The unitarian church, which does not prohibit its adherents 
to marry outside of their faith, shows the highest proportion of mixed 
marriages of all the other denominations. In fact, there were more 
mixed than pure marriages. Next come the evangelical and reformed 
denominations, with nearly 50 mixed to 100 pure marriages. The 
large proportion of mixed marriages among the Greek catholics is due 
to intermarriage with adherents of the Roman catholic and Greek 
oriental churches; comparatively few marry protestants. The Jews 
and the Roman catholics have the lowest percentage of mixed mar- 
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niages. It must, however, be mentioned in this connection that in 
Budapest, the capital of Hungary, where social intercourse between 
Jews and christians is more common, and the Jews are on a higher 
economic and intellectual plane than their coreligionists in the prov- 
ince, the rate of intermarriage is nearly double, reaching 17 per cent. in 
1904, although it is only ten years since they have been legally per- 
mitted to marry with christians. In Germany similar conditions pre- 
vail. Of a total number of 468,329 marriages contracted during 1901, 
only 41,014 were between persons of different faith, 7. ¢., only 9.59 
mixed marriages to 100 pure marriages. Among the Jews in that 
country there were during that year contracted 3,878 pure and 658 
mixed marriages, or 16.97 per cent., which shows a larger tendency to 
intermarry among the Jews than among the general population. 
Taking the three chief religions in Germany, we find the following 
proportions of mixed marriages: 


No. of Mixed to 100 
Pure Marriages 


Religion and Country Pure Marriages Mixed Marriages 


Germany (1901). | 


Protestants..........2+6. 277,480 39,115 14.10 

Catholics.........0.0..006 | 145,141 39,115 26.95 

DOW Sihccss napicdindstamaes | 3,878 658 16.97 
Prussia (1901). 

Protestants: sscces.ee0. | 172,570 23,794 13.78 

CatholicSssiiwesinaresces | 87,898 23,794 27.07 

GRGAWS) 2 oeddeuavensaceseoxes 2,570 455 17.71 
Bavaria (1901). 

Protestamteiis.c wiseve. 12,390 4,588 37.03 

CAPO GSe.0 2. dicessdpeees | 31,789 4,588 14.45 

Jews: ( 1902.) cicadaetints 447 42 9.40 


It is noteworthy that in Germany catholics are more given to inter- 
marry than the protestants, which is exactly the reverse of conditions 
in Hungary. To 100 pure catholic marriages, during 1901, there were 
26.95 catholics who married protestants, while only 14.1 per cent. of 
protestants were married to catholics, which is even less than the rate 
of Jewish mixed marriages in that country, 16.97 per cent. In Prussia 
also the catholics intermarried more than the protestants and Jews, 
the proportions being, catholics, 27.07 per cent.; protestants, 13.78 per 
cent., and Jews, 17.71 per cent. In Bavaria, on the other hand, the 
reverse is true. ‘There the protestants intermarry to a much larger 
extent than the catholics. The latter had 37.03 per cent. of mixed 
marriages, as against only 14.45 per cent. among the former, and 9.4 
per cent. among the Jews. It appears from these figures that ad- 
herents of the religion of the majority of the inhabitants are less likely 
to marry outside of their faith than persons following the creeds which 
are in the minority. Thus in Germany where 62.51 per cent. of the 
population is protestant, and only 36.06 per cent. catholic, the latter 
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are more apt to marry protestants; similarly in Prussia (population, 
63.29 per cent. protestant and 35.14 per cent. catholic), the catholics 
have 27.07 per cent. of marriages with protestants as against only 
13.78 per cent. of marriages of protestants with catholics. In Berlin, 
where the population consists of 84.18 per cent. protestants and only 
9.98 per cent. catholics, there were in 1904 only 19.93 mixed marriages 
of protestants to catholics, as against 323.81 per cent. of catholics to 
protestants, while in Bavaria, having a majority of catholic popula- 
tion, 70.65 per cent., and only 28.32 per cent. of protestants, it is the 
protestants who have a higher proportion of mixed marriages, 37.03 
per cent., as against only 14.45 per cent. among the catholics. The 
powerful influence of the majority and its tendency to absorb the 
minority are thus demonstrated. The immediate cause is, of course, 
to be sought in the fact that there is often some difficulty to find a 
suitable partner among the minority, and when one is found among the 
followers of a different creed, all religious scruples are laid aside.*° 

Intermarriage between persons of different creeds is a recent phe- 
nomenon, only one hundred years ago it was quite rare. “In no 
respect has modern civilization acted more beneficently than as pro- 
moter of religious toleration,’ says Westermarck. “In our time dif- 
ference of faith discourages sympathy to a much less extent than it 
did in former ages.” 1? In Prussia the number of mixed marriages 
has quadrupled within the last fifty years, while the number of mar- 
riages in general has increased only 70 per cent. during that period. 
In Bavaria the increase has been more pronounced. During the first 
half of the nineteenth century they constituted less than three per cent. 
of the total number of marriages, while to-day one in ten marriages is 
contracted between persons of different faiths. 

All these facts and figures emphasize that it was not any racial 
antipathy between the so-called Semite and Aryan which kept the 
Jews of former days from marrying with christians. There were prac- 
tically no mixed marriages among persons of any religion during 
medieval days. The same prevails to-day in Russia, where mixed 
marriages are prohibited by law. With the progress of religious toler- 


10 A somewhat similar phenomenon has been noted among the immigrant 
population in the United States. The Tenth Census made the interesting deduc- 
tion that in those portions of the country where a single nationality was numer- 
ously represented, as, for instance, the Irish in New York City, there was little 
intermarriage with other nationalities. But where the nationality was not 
numerously represented, as the Irish in St. Louis, there was a greater tendency 
among the n:en to marry native-born women, or women of other nationality. 
(R. Mayo-Sinith, ‘Statistics and Sociology,’ pp. 111-112.) The same is true of 
the Jews in the United States: Very few marry christians in New York City, 
while in the western and southern states intermarriage is common. 

™ Westermarck, The History of Human Marriage, p. 376. 
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ance characteristic of our age, the number of mixed marriages has 
increased among persons belonging to all creeds, including the Jews. 


Fertility of Mixed Marriages 


Besides the religious and sentimental objections which are being 
made against intermarriage by Jews and christians, many other argu- 
ments were brought forward against them. Some have stated that 
mixed marriages are infertile, that a large proportion remain sterile 
and that the average number of children born to each marriage is 
much below the average of pure marriages. It has also been asserted 
that intermarriage of different races leads to physical, moral and intel- 
lectual deterioration. Only few of the virtues of each are inherited, 
but most of the vices are transmitted to the progeny. 

The fertility of mixed marriages has especially been discussed by 
Joseph Jacobs, who calculated that even if one tenth of all the Jews 
and Jewesses married outside of their faith, only a little over two per 
cent. would be left of the original ten per cent. within six generations 
or 200 years. This idea prevailed, until recently Arthur Ruppin, after 
a thorough study of Prussian statistics, showed conclusively that there 
is no real basis for any such assertion. The fertility of mixed mar- 
riages in Prussia is not much below that of pure Jewish marriages. 

Superficially, statistics would seem to indicate a lower birth rate 
of Jews married to non-Jews, as can be seen from the following figures, 
calculated by J. Thon, showing that in Bavaria the fecundity of the 
various classes of marriages was as follows: 


Pure 
FF 
Christian Jewish Mixed 
187 6=1900) a2. ta cad ooh ea atuntan ed taan¢ 2.64 3.54 1.58 
VD OBe Soha eae eee hak fs Goeraeare aia eine a ene 4.40 2.20 1.38 
9 OB: tetdicra Aa aa ee Basti soled ng; Sete cde pate dan 4.31 2.31 2.11] 


In Prussia and Hungary the same is shown to be the case, while in 
the city of Berlin the fertility of mixed marriages appears even lower. 
The percentage of complete sterility is also stated to be higher among 
mixed than among pure Jewish couples. In New South Wales 13.41 
per cent. of all the Jews married to Jewesses were sterile, while among 
Jews married to christians 30.55 per cent. were sterile. The average 
number of children was 3.48 among the general population, 4.06 
among the Jews and only 2.01 among Jews married to christians.’* 

All these figures are no safe criterion as to the fertility of mixed 
marriages, because the usual method applied in calculating the material 


* Results of Census of N. 8. W., 1901, Pt. III., 1902, Pt. V., 1903. 
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is fallacious. The way fertility is calculated is to divide the number 
of births in a given year by the number of marriages contracted during 
the same year. Only very few of the births during any one year are 
due to the marriages during that year, but are from couples married 
within the preceding twenty-five years. If the number of mixed mar- 
riages did not increase, such a division would more or less accurately 
give us the average fecundity. But as has been shown above, the num- 
ber of mixed marriages increases regularly in every country considered, 
so that the births of the year considered represent the fecundity of a 
smaller number of marriages than have been contracted during this 
year. A smaller fertility is thus apparently seen among the mixed 
marriages. I will illustrate this by figures obtained by Ruppin about 
conditions in Prussia: During 1901 there were 4.2 births to each 
christian marriage; 2.80 to each Jewish marriage; and only 1.80 to 
each marriage of a christian to a Jewess and 1.53 to each marriage of 
a Jew with a christian woman. But recalling that only a few of these 
births were the results of marriages contracted during 1901, but repre- 
sent marriages for about twenty-five years, we are led to investigate 
further. In 1876 only 256 mixed marriages were contracted in Prussia, 
and during the twenty-five succeeding years they increased annually, 
reaching 455 in 1901. If we accordingly calculate the birth rate for 
1901 on the basis of the average number of marriages during these 
twenty-five years (1876-1901), the result is entirely different. Ruppin 
shows that the rates calculated by this method are 5.07 births to each 
christian marriage, 2.96 to each Jewish marriage, 2.5 to each marriage 
of a christian with a Jewess and 2.35 to each marriage of a Jew with 
a christian woman. ‘The difference is thus not much in favor of pure 
Jewish marriages when compared with mixed. But even this does not 
give us a clear picture, because in many mixed marriages one of the 
parties accepts the religion of the other, and the births are then recorded 
not as the issue of a mixed marriage, but of a pure christian or pure 
Jewish marriage, as the case may be. Many births resulting from 
mixed marriages are consequently missing from the official records, 
thus reducing the average number of births perceptibly. Considering 
this and, in addition, the fact that most of the mixed marriages occur 
in large cities, where the birth rates are much lower than in the coun- 
try, one is bound to agree with Ruppin that the Prussian official statis- 
tics do not support the theory that mixed marriages are less fertile 
than pure mariages. 

There is very little to be said about the alleged physical deteriora- 
tion of the offspring of mixed marriages, because it has not been proved 
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by any one.** Intellectually we do have proofs that the children born 
to mixed marriages are not below the average of Jewish and christian 
in Europe. Grant Allen was the first to point out the striking number 
of distinguished persons of half-Jewish blood as somethmg simply 
extraordinary.'* To mention only some of them—Sir John Herschel, 
the astronomer; Paul Lindau and his brother; G. Ebers, the Egyptolo- 
gist; Professor Oldenburg, the philologist; Ludovie Halevy, the musi- 
cian; Paul Heyse; Francis Turner Palgrave, the critic; W. Gifford 
Palgrave, the traveler; Sir H. Drumond Wolff, Prevost-Paradol; 
Edwin Booth, the actor; Bret Harte, the novelist, Elie Metchnikoff, 
the biologist; David Manin; Leon Gambetta; Sir John Millais, the 
British painter; and many others. 


Religion of the Children resulting from Mixed Marriages 


The church in many countries often complained that mixed mar- 
riages are a net loss to christianity, because the children born to chris- 
tians married to Jews are more apt to be raised in the tenets of 
Judaism. The Jews, on the other hand, have always maintained that 
each marriage of this kind is a distinct loss to Judaism. In fact, it 
has been pointed out that most of the children are brought up as chris- 
tians, and that this is a distinct advantage to the Jews, because the 
race is thus maintained in its desirable purity, unadultcrated by the 
infusion of foreign blood. 

From statistical evidence available on the subject, it appears 
that about 75 per cent. of all the children born to Jews married 
to christians are baptized immediately at birth, and only 25 per 
cent. are raised as Jews. ‘This is best seen in Hungary, where the 
law permitting mixed marriages stipulates that a person intending to 
marry one of another religion may make provision at the time of 
making the application for a marriage license about the religion of the 
children which may be born to them in the future. They may also 
leave the question open for future consideration, if they so desire. In 
the latter case it is provided that boys should follow the religion of 
their father, and girls that of their mother. Of the 3,590 mixed 
marriages contracted in that country from 1895 to 1903, only 801 
have taken advantage of the provision of the law, and decided, at the 
time they applied for their marriage licenses, about the religions affilia- 


Tf the proportion of stillbirths should be taken as an index of the vitality 
of the new born, then nothing unfavorable can be found in cases of mixed mar- 
riages: In Prussia the percentage of stillbirths was found from 1875 to 1899 
as follows: Christians, 3.59 per cent.; Jewish, 3.21 per cent.; and mixed, 3.45 
per cent. The rates of the mixed are thus about midway between the pure 
Jewish and pure christian. 

4 Vind, Vol. VILI., pp. 504-5. 
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tion of their future children. Of these 685, or 85.64 per cent., de- 
clared that they desired to bring up their children as christians, and 
only 116, or 14.36 per cent., decided in favor of the Jewish religion. 
It is a striking fact that even in cases where the parents registered 
themselves as freethinkers married to Jews, one half declared their 
intention to raise their children in the tenets of the christian church. 
The Jews thus lose in Hungary 85.64 per cent. of the children born 
of mixed marriages, which is a net gain to the christian church. 

In New South Wales, also, it was found that most of the children 
resulting from mixed marriages are raised as christians. Of the chil- 
dren born to Jews married to christian women, 44 were Jewish and 
119 christian; of the children of christians married to Jewesses, 35 
were christian and 20 Jewish. The net result is that from the chil- 
dren born to Jewish husbands married to christian wives only 26.99 
per cent. were Jewish, and from children born to christian husbands 
married to Jewish wives 36.36 per cent. are Jewish. It is noteworthy 
that here the mother has more influence than the father in determining 
the religion of the children. 

In Copenhagen, where the number of mixed marriages is very 
large, Salomon states that most of the children are raised as christians. 
The same conditions are stated to prevail in Italy and France. 

In Prussia this subject has been studied by the census officials for 
many years. ‘The result is this: About 75 per cent. of all the children 
are christian, and only 25 per cent. are Jewish. Thus between 1885 
and 1900 the figures are as follows: 


Jewish Christian 
TS S5 aks ba Bh Moule oats te, share, Ghee Ss 24.78 per cent. 75.22 per cent. 
OOO ise git Aah eae WN Bd altace it 25.48 per cent. 74.52 per cent. 
MSDS see, cee Bats ital eaten Biecahd raeuey des 24.47 per cent. 75.53 per cent. 
TOU a As ne dW aun eh a be ke ieee oboe 24.21 per cent. 75.79 per cent. 


These figures represent the children who lived with their parents in 
the census years mentioned, and show distinctly that only 25 per cent. 
of them are Jews, although among the parents 50 per cent. of Jews are 
represented. It is noteworthy that in Prussia it is the husband’s re- 
ligion which has more influence in determining the religious affiliation 
of the offspring. During the census of 1900 it was found that in 
families where the mother was Jewish and the father christian only 
20.08 per cent. of the children were Jewish, as against 27.67 per cent. 
in families where the father was Jewish and the mother christian. 

It must also be mentioned that this does not represent the entire 
loss sustained by the Jews through intermarriage. A person who has 
one parent of christian origin, even if raised as a Jew, is more likely 
to marry a christian than a Jew when he becomes of age, because so- 
cially he comes in intimate contact with his christian relatives. It is 
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also not as difficult for him to be baptized, because he considers himself 
as much of christian as of Jewish origin. It is Ruppin’s opinion that 
hardly 10 per cent. of the children resulting from mixed marriages 
remain Jews for any considerable length of time. Of these it is doubt- 
ful whether any Jews are left after two or three generations. 

“The loss sustained by Judaism through mixed marriages,” says 
Ruppin, “is not to be considered a negligible quantity. In 1901, after 
five years of legalized intermarriage in Hungary, the proportion of 
children born to mixed parents was 1.23 per cent. of the total number 
of Jewish births; in Prussia, after twenty-five years of mixed mar- 
riages, it was 10.47 per cent., and in Berlin even 15.15 per cent. of 
all the Jewish births were of mixed origin. Between 1875 and 1902 
14,536 children were born in Prussia from mixed marriages.” In 
fact, Ruppin points out that the loss is much greater than through 
baptism, which is very much in vogue in Prussia. He shows that in 
Prussia only about 400 Jews are converted annually to christianity, 
as against 700 children of half-Jewish blood becoming christians. 
Only about 25 christians are annually converted to Judaism and 75 
children of half-Jewish blood are gained by Judaism through inter- 
marriage. In this connection it is of interest to mention the nu- 
merous christian missions to the Jews, which are mostly kept up on 
the moneys contributed by English-speaking people. It is well known 
that they meet with but little, if any, success. Their expense is enor- 
mous. According to Dr. Kohler,*® the Berlin Society for Promoting 
Christianity among the Jews spent more than 117,152 Reichsthaler 
upon the conversion of 461 Jews during the fifty years of its existence, 
while the London Society paid between the years 1863 and 189+ from 
£600 to £3,000 for the conversion of a single Jew. It appears from 
the figures given above that intermarriage brings much better results 
for the promotion of christianity among the Jews than missions with 
their ‘ costly converts,’ who only rarely prove to be desirable acquisi- 
tions to christianity. 

Dissolution of Marriage 

There are but few data about the frequency of divorce among the 
Jews. In eastern Europe and the orient, the rabbinical law of divorce 
prevails among the Jewish inhabitants, and any trivial cause often 
suffices before some rabbis to grant a divorce. The husband can even 
send a divorce to his wife by proxy through a messenger. Divorces, 
while not uncommon, considering the ease with which they can be 
obtained, are not very frequent. Family ties are very strong among 
the eastern European Jews and only rarely is advantage taken of the 
rabbinical law to dissolve marriage. The western European Jews do 


*®¢ Jewish Encyclopedia,’ Vol. IV., p. 252. 
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not depend on the rabbinical divorce law, but follow the civil laws of 
the countries in which they live. From the few statistical data avail- 
able it is seen that during the middle of last century divorce was less 
frequent among the Jews in Bavaria than among the christian popula- 
tion in that country. The same appears to be the case in Berlin, as 
can be seen from the following figures: 


t 


Average Annual Number of Divorces per 1,000 Population. 


1885-1886. | 1890-1891. | 1895-1896. 
Protestants ......cccceccecescceceuccevees 3.57 | 3.07 | 4.73 
Catholitsiccciischettnceieiest, Ae ee 2.71 | 2.81 | 3.39 
JeWS 02... tetas eeseneeteceaeueeeseseeess 2.67 2.51 3 26 


Although the rates are lower among the Jews than among the 
christians, still there is to be noted a steady increase in the frequency 
of divorces among them, from 2.67 in 1885 to 3.26 in 1896. Another 
way to calculate the divorce rate is by taking the number of divorces 
in any one year per 1,000 married couples found in a city. In Berlin, 
during the five years, 1895 to 1899, the rates were 3.75 among the Jews 
and 5.09 among the christians. 

In eastern Europe there are more divorces among the Jews in Hun- 
gary and Roumania than among the christians. In Hungary, from 
1898 to 1901, the divorces among the Jews constituted 9.51 per cent. 
of the total number of divorces granted in that country, although the 
Jews only constituted 4.42 per cent. of the total population. In Rou- 
mania 5.83 per cent. of the divorces granted during 1897 were granted 
to Jews, while only 4.55 per cent. of the total population was Jewish. 

There are no statistics about divorces among the Jews in the United 
States, but it can be stated, without fear of meeting serious contradic- 
tion, that it is not uncommon. ‘The divorce courts in New York City 
are quite often asked by Jews to dissolve their marriage. I am in- 
clined to believe that it is in New York as frequent among Jews as 
among christians. On the east side of the city the immigrant popula- 
tion very often take advantage of the rabbinical law, and easily obtain 
divorces. But among the native Jews this never happens; they go to 
the civil courts for the purpose. 

From a few scanty statistics about the causes of divorce among 
Jews, it is evident that there is very little difference between Jews and 
Christians in this respect. In Berlin, Ruppin mentions that infelicity 
on the part of the husband is more frequently a cause among Jews 
than among christians, while infelicity on the part of the wife is more 
frequent among christians. Wife desertion is also more frequent 
among Jews than among christians in Berlin. 
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It has been stated that divorce is more apt to occur among mixed 
couples than among pure Jewish couples, and some statistics of the 
city of Berlin support this opinion. During the ten years, 1892 to 
1902, to each 1,000 marriages there were divorces as follows: Jews, 
3; christians, 3.91; Jews married to christian women, 10.09; christians 
married to Jewesses, 11.16. Mixed marriages are thus from three to 
four times more likely to be divorced than pure marriages. Marriages 
between christians and Jewesses are more often dissolved than mar- 
riages between Jews and christian women. Besides the excessive fric- 
tion incidental between married couples of different faith, even be- 
tween catholics married to protestants, it must be recalled that mixed 
marriages are taking place chiefly in large cities, where divorces are 
more common than in small towns and in the country. Besides, mixed 
marriages have lately been increasing, as was shown above, and divorces 
are more frequent among couples recently married than among those 
who have successfully passed several years of marital life. Statistics 
of divorce among mixed couples for a small number of years are, there- 
fore. likely to be fallacious, and for a long period of years there are no 
available data. 

With divorces the influence of the social environment is again 
evident. In the orient and eastern Europe, where the Jews live under 
strict adherence to their faith and traditions, participating but little 
in tendencies of modern life, the sacredness of the family ties is strictly 
guarded, and divorces are uncommon, although easily obtainable.'® 
In western Europe and America, where the Jews are completely under 
the influence of modern city life, divorces are frequent and are growing 
in frequency. 


* Tt will appear from the figures given above about divorces in Hungary 
and Roumania that they are more frequent among the Jews than among the 
christians in these countries. But it must be recalled that the christians can 
not obtain divorces easily according to the civil laws of the country. The 
Jews, however, are left to themselves in this respect, and they can easily obtain 
divorces from the rabbis. 
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PHYSICAL DEGENERACY OR RACE SUICIDE?* 


By SIDNEY WEBB 


is 


6¢ [ F only the devastating torrent of children could be arrested for 

a few years,” wrote one of the most sympathetic friends of 
progress, not so very long ago, voicing the opinion of the economists 
from Malthus to Faweett, “it would bring untold relief.” Not many 
years have passed, and his aspiration is fulfilled. One of his Majesty’s 
Inspectors of Schools, lately revisiting, after some interval, a public 
elementary school in the center of London, remarked that, since he 
was there before, the ‘ babies’ class” had ceased to exist. Between 1896 
and 1905 the total population of the County of London is estimated to 
have increased by 300,000 persons. But the total number of children 
between three and five years of age who were scheduled by the vigilant 
school-attendance officers positively fell from 179,426 to 174,359. That 
this scheduling was fairly exhaustive is shown by the fact that there 
were almost exactly 5,000 fewer children of that age recorded in the 
London census of 1901 compared with that of 1891. Nor is this either 
an isolated or a temporary phenomenon. All over England and Wales 
the birth rate is falling steadily, in a decline which has already lasted 
thirty years, and which shows no sign of slackening. In 1876, to every 
100,000 of the population there were born 3,630 babies. In 1904, to 
every 100,000 of the population there were born only 2,790—absolutely 
the lowest number on record since birth registration began.* 

What does this continuous fall in the birth rate mean? What will 
be its results upon our economic and social relationships—what upon 
the future of the race? What ought we to do, and what can we do, 
to ward off whatever there is of evil in these results? These are ques- 
tions which seem to be of greater importance to the community than 
the ephemeral issues of party politics. Yet those in authority are slow 
to tackle them. The subject has accordingly been under investigation 
during the past year by a committee of the Fabian Society; and the 
present article sets forth some of the results—formulated, however, by 
the present writer in his own way, for which the society as a whole has 
no responsibility. 


* From the London Times. 
*“'The Service of Man,’ by J. Cotter Morison, preface, p. xx. 
*Sixty-seventh Annual Report of the Registrar-General, 1906, p. xix. 
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1. The decline in the birth rate is not merely the result of an altera- 
tion in the ages of the population, or in the number or proportion of 
married women, or in the ages of these. 

It is necessary at the outset to remove one possible explanation. 
What the Registrar-General gives us is the crude birth rate—that is to 
say, the exact proportion of births during the year to the total popula- 
tion, whether old or young, married or single. But in comparing these 
birth rates for different years, we have to remember that important 
changes may take place, even in a single decade, in (a) the proportion 
between children and adults; (b) the proportion between married and 
unmarried; and (¢) the proportion between married women of the re- 
productive age and those above that age. These changes—due, it may 
be, to emigration or immigration, to economic or social developments, 
or to mere prolongation of the average life—are sufficient, in them- 
selves, to produce a rise or a fall in the crude birth rate, without there 
having been any increase or decrease in human fertility. To give one 
striking instance, the crude birth rate of Ireland per 100,000 popula- 
tion fell from 2,384 in 1881, to 2,348 in 1901. But we happen to know 
that in the course of these twenty years the proportion of married 
women of reproductive age to the total population so far diminished 
that the slight fall in the crude birth rate really represented, not a 
decline, but a positive increase in fertility. If the Ireland of 1901 
had contained a population made up, by ages, sexes and marital condi- 
tions, in the same proportion as that of 1881, the recorded births in 
1901 would have appeared as a birth rate actually higher by 3 per cent. 
than that of 1881. We have, therefore, first to ask what are the cor- 
responding figures for England and Wales, eliminating all the elements 
of variations of age, of postponement of marriage, and of positive re- 
fusal’ to: marry” 

Now, it so happens that this problem has lately been worked out by 
the statisticians in a way to remove all uncertainty. Dr. Arthur News- 
holme and Dr. T. HW. C. Stevenson on the one hand, and Mr. G. Udny 
Yule on the other, have performed the laborious task of ‘ correcting’ 
the crude birth rates for differences of age, sex and marital conditions, 
as regards the census years from 1861 to 1901.4 The results show a 


37 have restricted myself throughout to legitimate births. The number of 
illegitimate births in England and Wales is now only 112 per 10,000 of the popn- 
lation, and their omission does not affect the result. Their inclusion would 
merely have intensified the force of the argument at all points. The corrected 
illegitimate birth rate fell between 1861 and 1881 by 21 per cent., and between 
1881 and 1901 by 41 per cent.—more than twice as fast as the correct legitimate 
birth rate. 

*The decline of human fertility in the United Kingdom and other coun- 
tries as shown by corrected birth rates, by Arthur Newsholme, M.D., medical 
officer of health, Brighton; and T. H. C. Stevenson, M.D., assistant medical officer 
to the Education Committee of the London County Connceil. 
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definite progressive fall in the proportion of births after allowing for 
all differences in the way the populations are made up. If the people 
of England and Wales had continued during those fifty years to be 
exactly of the same ages, and to be exactly in the same proportion mar- 
ried and single, the birth rate per 100,000 of the population would 
have changed to the following extent: 1861, 3,236; 1871, 3,312; 1881, 
3,273; 1891, 3,125; 1901, 2,729. That is to say, if the fertility of 
the married women of equivalent ages had remained the same in 1901 
as it had been in 1871, there would have been born 3,312 babies per 
100,000 population, instead of 2,729, or just upon 21 per cent. more, 
equal in the whole of England and Wales to something like 200,000 
more than actually saw the light. Why were those 200,000 babies 
not born? 

2. The decline in the birth rate is not confined to the towns, nor 
(so far as England and Wales is concerned, at least) is it appreciably, 
if any, greater in the towns than it is in the rural districts. 

Human fertility may possibly be normally slightly lower in the 
towns than in the rural districts, and it is sometimes suggested, espe- 
cially by German authorities, that the fall in the birth rate is to be 
accounted for by progressive ‘urbanization.’ But English statistics 
afford no support to this hypothesis. It is true that the corrected birth 
rates of the towns of Northampton, Halifax, Burnley and Blackburn 
fell off between 1881 and 1901 by no less than 32 per cent., and that 
of London by 16 per cent. But the corrected birth rate of Cornwall 
fell off by 29 per cent., that of Rutland by 28 per cent., those of Sussex 
and Devonshire by 26 per cent., and that of Westmorland by 23 per 
cent. It is no less significant that, whilst the corrected birth rate of 
all] Ireland actually rose during these twenty years by 3 per cent., that 
of Dublin rose by 9 per cent. If it was the unhealthy environment 
of our great towns that was causing a reduction in the number of births, 
we might expect to find Liverpool, Salford, Manchester and Glasgow— 
cities of extensive overcrowding, fearful slums and high mortality— 
heading the list. Asa matter of fact, the corrected birth rate between 
1881 and 1901 fell off proportionately less in these cities than in any 
other town, and actually less in proportion than in all but six of the 
counties. A decline in the birth rate, which does not appear at all in 
Dublin, appears much less in Liverpool and Manchester, Salford and 
Glasgow than in Brighton, and appears far more in Westmorland, Rut- 
land, Devonshire and Cornwall than in any of those towns, can hardly 
be due to ‘ urbanization.’ 


On the changes in the marriage and birth rates in England and Wales dur- 
ing the past half-century; with an inquiry as to their probable causes, by G. 
Udny Yule, Newmarch Lecturer in Statistics, University College, London. Both 
these papers will be found in the Journal of the Royal Statistical Society, 
April, 1906. 
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3. The decline in the birth rate is exceptionally marked where the 
inconvenience of having children is specially felt. 

There is not much evidence to be adduced under this head, but what 
there is is of some significance. Where married women habitually go 
to work in factories, and where their earnings form an important ele- 
ment in the weekly income of the family, the interruption caused by 
niaternity is probably most acutely felt. The enforcement by the 
factory and workshops acts of 1891 and 1901 of four weeks’ absence 
from employment after child-birth comes as an additional objection. 
Moreover, in the factory districts the later age at which children can 
now become productive wage-earners has certainly rendered large fam- 
iles less economically desirable than of yore. It is, therefore, of some 
significance that the ten towns in all England in which the relative fall 
in the birth rate between 1881 and 1901 is most startingly great are 
Northampton, Halifax, Burnley, Blackburn, Derby, Leicester, Brad- 
ford, Oldham, Huddersfield and Bolton—all towns in which an excep- 
tionally large proportion of married women are engaged in factory 
work, in textiles, hosiery or boots. I can adduce no statistics of the 
decline in the birth rate among the married women teaching in schools ; 
but it is known to be great. 

+. The decline in the birth rate appears to be specially marked in 
places inhabited by the servant-keeping class. 

Ji is significant that Brighton shows a relatively heavy falling off 
from a birth rate which was already a low one. But a comparison 
between various districts of London gives us further indications. Let 
us take, as a convenient index of relative wealth, the percentage of 
domestic servants to population. The corrected birth rate of Bethnal- 
green—the district of London in which there are fewest non-Londoners 
and in which fewest of the inhabitants keep domestic servants—fell off, 
between 1881 and 1901, by 12 per cent. (or exactly as much as that of 
the North Riding of Yorkshire). But that of Hampstead—where 
most domestic servants are kept—fell off by no less than 36 per cent., 
and attained the distinction of reaching the lowest of all the corrected 
birth rates that Dr. Newsholme has computed. Second only to Hamp- 
stead in this respect come Kensington and Paddington, which have 
statistically to be taken together, and which, keeping nearly as high a 
proportion of domestic servants as Hampstead, saw their corrected 
birth rates, already lower than that of Hampstead, fall off by 19 per 
cent., and sink to less than two thirds of that of the Bethnal-green of 
1881. It would be interesting to extend this comparison, taking all 
the distriets of London in the order of their average poverty, as shown 
by such indices as the proportion of the inhabitants who live in one- 
or two-room tenements, by the rateable value per head, and by the per- 
centage keeping domestic servants. But the variations in the registra- 
tion areas in nearly all these cases prevent accurate comparison of birth 
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rates between 1881 and 1901. Dr. Newsholme and Dr. Stevenson, on 
the one hand, and Mr. Udny Yule, on the other, do, indeed, compare 
the correeted birth rates for 1901 of five separate groups of metro- 
politan boroughs, arranged in grades of average poverty. This com- 
parison gives us the interesting result that the small group of three 
‘rich’ boroughs have, per 100,000 population (corrected) 2,004 legiti- 
mate births; the four groups comprising nineteen intermediate bor- 
oughs have almost identical legitimate birth rates of between 2,362 
to 2,490 per 100,000; whilst the poorest group of seven boroughs has 
a legitimate birth rate of no less than 3,078, or 50 per cent. more than 
that in the ‘rich’ quarters. From these figures it has been inferred 
that we are, in London at any rate, multiplying most prolifically from 
our most inferior stocks. It should, however, be noticed that the group 
of seven * poor’ boroughs happens to include, not only those containing 
the greatest numbers of Irish Roman Catholics, but also those in which 
the great bulk of the Jews are to be found. Practieally half the mar- 
riages that take place in the registration districts of Whitechapel and 
Mile-end Old Town are solemnized according to the Jewish rite. It is 
against all the influences of the Jewish religion, tradition and custom 
to limit the family, and the birth rate among Jews of all classes and 
all nationalities is known to be large. We can not, therefore, infer 
from these statistics, either that the birth rate of the poorest strata of 
the English race in London is greater than that of the artisan or lower 
middle class. The remarkable evenness of the corrected birth rate 
throughout the nineteen ‘ intermediate’ metropolitan boroughs, though 
they vary from having about 15 up to about 45 per cent. of servant- 
keeping households, is rather an indieation to the contrary. This is in 
accordance with the fact that the decline in the corrected birth rate 
appears to be as great in the counties made up preponderatingly of the 
poorly paid agricultural laborers, as in those districts in which the 
average level of wages is much higher.® 

5. The decline in the birth rate appears to be much greater in those 
sections of the population which give proofs of thrift and foresight 
than among the population at large. 

Here we have to leave the carefully corrected birth rates supplied 
by Dr. Newsholme, and fall back upon evidenee whieh is statistically 
less perfect. What would be desirable would be to have precise and 
‘corrected’ birth rates for different years of two sections of the popula- 


'The failure to take into account the special aggregation of the Jewish 
and the Irish population in the districts of greatest poverty, and the limitation 
of the investigation to London, appears to me to diminish the validity of some of 
Mr. David Heron’s implications in the recent publication ‘On the Relation of 
Fertility in Man to Social Status, and on the changes in this relation that have 
taken place during the last fifty years,’ 1906. But these calculations point in the 
same direction as those cited. 
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tion, the one comprising those who took thought for the morrow and 
the other comprising those who did not. Such an exact contrast is, 
of course, unattainable. But it so happens that we do possess, over a 
term of nearly forty years, the number of children born in one large 
sample of the population, selected, it might almost be said, solely by 
the characteristic of thrift. The Hearts of Oak Friendly Society, the 
largest centralized benefit society in the kingdom, has now over 272,000 
adult male members. This membership belongs to all parts of the 
United Kingdom, of which it may be said to represent about 3 per cent., 
or no inconsiderable sample. No one is admitted who is not of good 
character and in receipt of wages at least 24s. per week, a figure which 
excludes the agricultural laborer, the unskilled worker in town or 
country, and even (outside London) the lowest grades of skilled 
artisans. The society consists, in fact, of the artisan and_ skilled 
mechanic class, with some intermixture of the small shopkeeper and 
others who have risen into the lower middle class. Among its provi- 
sions is the ‘ lying-in benefit,” a payment of 30s. for each confinement 
of a member’s wife. Unfortunately, we do not know either the relative 
proportions of the members who are married, or the average age of the 
wives. ‘There is, however, no reason to think that the proportion of 
married members has appreciably changed, whilst it is believed that 
the average age of the members as a whole has risen from about 33 
to 37.52; and it may possibly be inferred that there is a corresponding 
increase in the average age of the wives. Judging from the evidence 
of the Scottish census of 1855,° we might in such an event have expected 
a falling off in the births, due to this assumed difference of age, of at 
most 15 per cent. Now, what are the facts? From 1866 to 1880 the 
proportion of lying-in claims to membership rose slowly from 2,176 
to 2,472 per 10,000. From 1881 to 1904 it continuously declined, 
until in the latter year it reached only 1,165 per 10,000 members. 
The birth rate among the population of a million and a quarter persons, 
distinguished from the rest, so far as is known, only by one common 
characteristic, that of thrift, has fallen off between 1881 and 1901 by 
no less than 46 per cent., or a decline nearly three times as great as 
that during the same period in England and Wales. Taking the whole 
period of decline, from 1880 down to the latest year for which I have 
the statistics, 1904. the falling off is over 52 per cent. A smaller so- 
ciety, the Roval Standard Benefit Society, having 8,225 members and 
giving a similar benefit, shows similar results. Between 1881 and 
1901 the proportion of members claiming the lying-in benefit fell off 
by more than 56 per cent. If the members of the Hearts of Oak 
Friendly Society and the Royal Standard Benefit Society had had pro- 


®See the figures given in ‘ Fertility, Fecundity and Sterility, by J. Mat- 
thews Duncan, 1871; and those in ‘ Natality and Fecundity, by C. J. and J. N. 
Lewis, 1906, pp. 18, 26 and 33. 
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portionately as many births in 1904 as the members of 1880 had in that 
year, there would have been born to them nearly 70,000 babies, instead 
of 32,000. If the birth rate in these 280,000 families of comparatively 
prosperous artisans had only fallen in the same degree as that of Eng- 
land and Wales generally, there would have been born to them 58,000 
babies instead of 32,000. What was the special influence in these 
exceptionally thrifty families that prevented the other babies being 
born ? 

6. The decline in the birth rate is due to some new cause which was 
not appreciably operative fifty years ago. 

We may, indeed, infer, from the relatively stationary birth-rate, 
alike of the whole population and of selected classes down to some date 
between 1861 and 1881, and the steady persistence of the subsequent 
decline, that the decline is due to some new cause. The same conclu- 
sion is reached by the elaborate calculations just published by Mr. 
Heron.* 

In 1851, as in 1901, it could have been inferred from a comparison 
of different districts in the metropolis that ‘the more cultured, the 
more prosperous, healthy, and thrifty classes of the community’ were 
producing fewer children per marriage than the classes of lower social 
status. But, as regards London in 1851, Mr. Heron is “driven to 
almost certain conclusion that differences in the mean age of wives 
were amply sufficient . . . to account for the differentia] birth rates of 
districts with divergent social status.” The operating cause of a low 
birth rate was, in fact, at that date, postponement of marriage. We 
know, however, from Dr. Newsholme’s corrected birth rates that no 
such cause as a greater postponement of mariage, with the correspond- 
ing rise in the age of the average wife, has anything to do with the 
decline in the birth rate now recorded. This decline is due to some 
cause other than those that were appreciably In operation in 1851. 

%. The decline in the birth rate is principally, if not entirely, the 
result of deliberate volition in the regulation of the marriage state. 

The reader can scarcely have read the foregoing statements without 
coming to the conclusion that the falling-off in the birth rate, which 
has during the last twenty years deprived England and Wales of some 
two hundred thousand babies a year, is the result of deliberate inten- 
tion on the part of the parents. The persistence and universality of 
the fall in town and country alike; the total absence of any discoverable 
relation to unhealthy conditions, mental development, the strain of 
education, town life or physical deterioration of any kind; the remark- 
able fact that it has been greatest where it is known to be widely 
desired ; the evidence that it accompanies not extreme poverty but social 


**On the Relation of Fertility in Man to Social Status and the changes 
in this relation that have taken place during the last fifty years. By David 
Heron, 1906, p. 20. 
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well-being, and that it is exceptionally marked where there is foresight 
and thrift—all this points in one and the same direction.® 

We may add other evidence. Among the Roman Catholics in the 
United Kingdom any regulation of the marriage state is strongly for- 
bidden, and has, during recent years, been made the subject of frequent, 
special animadversion, both privately and from the pulpit. It is sig- 
nificant that Ireland is the only part of the United Kingdom in which 
the birth rate has not declined; that in Ireland itself it has declined a 
little in semi-Protestant Belfast, and not at all in Roman Catholic 
Dublin; and that in the towns of Great Britain the decline is least in 
Liverpool, Salford, Manchester and Glasgow—towns in which the pro- 
portion of Roman Catholics is considerable. Among the principal tex- 
tile factory towns the decline is least at Preston, which is the one 
having the largest proportion of Roman Catholics. Among the dif- 
ferent metropolitan boroughs—though we can not measure with accu- 
racy the fall in the birth rate—the present rate is highest, and, there- 
fore, in all probability, the fall has been least in those boroughs in 
which the Irish Roman Catholics (and the Jews who, in this respect, 
are in the same position) are most numerous. All this is inconsistent 
with the hypothesis that the decline is due to physical degeneracy, and 
consistent with that of its being due to deliberate volition. Common 
report that such deliberate regulation of the marriage state, either with 
the object of limitation of the family, or (which has the same result) 
with that of regulating the interval between births, has become widely 
prevalent during the past quarter of a century—exactly the period of 
the decline—reaches us from all sides—from doctors and chemists, 
from the officers of friendly societies and philanthropists working 
among the poor, and, most significant of all, from those who are en- 
gaged in the very extensive business of which this new social practise 
has given rise. What is needed to complete the demonstration is direct 
individual evidence. 


iI, 


In the preceding section I have shown, upon statistical evidence 
that appears to me irresistible in its cumulative force, that the decline 
in the birth rate which is depriving England and Wales of at least 
one fifth of every year’s normal crop of babies is not accounted for by 


*It is at any rate consistent with the hypothesis of volitional interference, 
in view of the fact that illegitimate children are, on an average, certainly less 
desired than legitimate, that, as already stated, the corrected illegitimate birth 
rate should have fallen off in England and Wales more than twice as much 
as the legitimate, and twice as much between 1881 and 1901 as between 1861 and 
1881. The figures for Scotland correspond to these. (‘ Natality and Fecundity,’ 
by Ci J. and J. N. Lewis, 1906, p. 54.) 
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any alteration in the age, sex or marital condition of the population ; 
by any refusal or postponement of marriage; or by any of the effects 
of ‘urbanization’ or physical deterioration of sections of the com- 
munity. The statistical evidence points, in fact, unmistakably to the 
existence of a volitional regulation of the marriage state that is now 
ubiquitous throughout England and Wales, among, apparently, a large 
majority of the population. To verify this inference it seemed neces- 
sary to obtain direct imdividual evidence from a sufficiently large 
number of persons, taken haphazard from different parts of the country, 
and from different social grades. This the committee of the Fabian 
Society set itself to obtain. 

The procedure adopted was to obtain a voluntary census from a 
sufficiently large number of married people who could be relied upon 
to give frank and truthful answers to a detailed interrogatory. For 
this information resort was had to between 600 and 700 persons, from 
whom the committee had grounds of hope that answers would be re- 
ceived. About half of these persons resided in the metropolitan area, 
the remainder being seattered sparsely over the rest of Great Britain. 
In social grade, they included a most varied selection of occupations, 
extending from the skilled artisan to the professional man and the 
small property owner; omitting, on the one hand, the great army of 
laborers, and, on the other (with few exceptions), the tiny fraction of 
the population who have incomes from investments exeeeding £1,000 
a year. They were, of course, selected without the slightest reference 
to the subject of the inquiry; so little, indeed, was known about them 
from this standpoint that more than 20 per cent. of them proved to be 
unmarried, and thus unable to bear testimony. They were invited to 
give the information desired without revealing their identity, the form 
being so arranged as to enable it to be filled up by nothing more easily 
recognizable than crosses and figures.° Altogether 634 forms were 
sent out. From these there have to be deducted, for one reason or 
another, 158—viz., 114 bachelors, 30 duplicates (wives of husbands 
making returns), five which failed to get delivered by post office, two 
refusals, five returned blank or incomprehensible, and two relating to 
marriages abroad. Of the 476 remaining, 174 did not reply. Whether 
these should be added to the number of those who eandidly confessed 
to having taken steps to regulate the births in their families, or to those 
who had taken no such steps, or in what proportion they should be 
distributed between the two, the reader must judge for himself. Sig- 
nificant replies were received from 302 persons. But as 14 of the 
returns included particulars of two marriages, the total number of mar- 
riages of which particulars are recorded is 316. In six eases the papers 
contain references to second marriages of which insufficient particulars 


8} append the questions asked. (See opposite page.) 
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are given. These will not, however, materially affect the results. 
What is recorded here is the result of 316 marriages, and concerns 618 
parents—not, of course, an adequate sample of the people of Great 
Britain, but, being drawn from all parts of the country and from every 
section of the great ‘ middle’ class, sufficient, perhaps, until more ade- 
quate testimony ean be obtained, to throw some light on all the previous 
statistics. 

The first division of the marriages is into two classes; marriages 
with families intentionally limited, and marriages with families not 
so limited. 

In order to avoid clumsy sentences, the term ‘limited marriage’ 
will be used to signify a marriage in which the family is intentionally 
limited, and the term ‘unlimited marriage’ one in which it has not 
been so limited. The following table gives all the marriages returned, 
arranged by the date and classified as limited (LL) and unlimited (U), 


LigAte: eV Our Ma ETE Ss ae arinioaae 5-2 he pesiatd ce arte arian sect 

Those who have been married should return themselves as 
married. In cases of second marriages each should be 
dealt with separately. A second paper will be sent if 
desired. 

TS MOUn Sex NAGY fase ob eos Danes Rodin acer aks eae 

PRG: ASP HOMERIC? a a. 5 use wee fons ae i iced oe eae ek oie ow ke 

Date Of Marriage? cena. Oe ele sae aoe S 

Further returns from persons married before 1870 are 
not necessary as the period to be investigated goes back 
only 30 years. 


go t9 


Age of Wife at Marriage?.... 0... 0.6 c cece eee eee 
Partieulars of Children born (including still-born children) 


pce: 


Date of Birth. | Sex. Date of Death.* | 


BOSSE | 


of death under five vears of age. 
8. Do you expect to have any more (or any) children?.... 
9. In your marriage have any steps been taken to render 

it childless, or to limit the number of children born?... 
10. If yes, during what years have such steps been taken?.. 
11. Has there been any exceptional cause (such as the death 
or serious illness of husband or wife) tending to the 
limitation of the number of your children? (If pos- 
sible, state the cause.) 


{ 
| | 
| 
ins a u | 
* This is only asked for as relevant to the inquiry in cases 
12. Observations. Any person willing to add any remarks | 
throwing light on the foregoing return is requested to 
do so. | 


522 POPULAR SCIENCE MONTHLY 


together with (1) the number of childless marriages, (2) the number 
of children born or intended to be born (less deaths up to the age of 
five years), and the number of marriages in which more children were 
anticipated. ‘One or two’ is printed as one and a half. 


Date. | Childless.’ Dennite Expected lar 


, Children 
een | Expected. 
LU Total. | U. Tu | 1. U, Total. | L. U. Tt. 
1851 _ 1 1 -—_—- — — 6 6 —- -—- 
1857 = 1 1 — — — 9 9 —- —- — 
1858 — 1 1 - - = — 6 6 —- —_- — 
1862 — 2 2 —- - — — 11 11 —- - = 
1865 — 1 1 —- — — — 7 7 -_—- — = 
1867 1 1 2 —- —_ — 1 5 6 —_ — 
1868 1 1 2 —- -—- — 6 4 10 —- —- — 
1869 1 1 2 - -—- = 7 1 3 | -—- — — 
1870 — 1 1 —- —- — — 1 1 —- —_— — 
1871 — 1 1 —- — — 6 6 —- — — 
1872 — 2 2. —- — — 12 12 —- - — 
1873 3 3 6 —- — 10 12 22 —- — — 
1874 —~ 1 1 — 1 1 — == — 2 4 
1875 4 1 5 1 2 6 — 6 —- — 
1876 2 — PA —_—- ~— 6 = 6 a 
1877 So 8 = 3 —- — 13 — 13 —- -—- = 
1878 6 2; 8 —- —- — 28 6 3-4 —- -—- — 
1879 6 — 6 2— 2 19 — 19 a 
1880 30 3 —-— — — 12 — 12 —- — — 
1881 a 2 a 7 — 7 —_— — 
1882 1 2 3 —_-_ — — 7 5 12 —_- — 
1883 6 2 8 — 1 1) =16 3 19 —_ — 
1884 6 2 8 _ — 28 3 31 —- -—- 
1885 8 2 10 —- — — 3l 8 39 —- -— = 
1886 3 1 4 —_- = 8 7 15 —- —- — 
1887 6 2 8 — 1 1 20 2 02 1 1 2 
1888 6 2 8 — 1 1 29 4 26 1— 1 
1889 10 3. #13 — 1 1 23 4 27 2 1 8 
1890 8s — § 2— 2 14 — 14 a 
1891 6 1 7 1 1 2 15 — 15 1— 1 
1892 11 — Il 3 — 8 203 — 204 —- -— — 
1893 11 2 18 2 — 2 23 1 24 3 1 4 
1894 fh 1 8 oy 2D 10 6 16 1 1 2 
1895 16 2 18 Di Be 22 — 224 6 1 7 
1896 10 2 12 5 1 6 19 5 24 1 1 2 
1897 9 — 9 1— 1 19 = 19 o == 9 
1898 13 1 14 1— 1 23 3 26 38 1 4 
1899 16 410 20 8 1 4 34 3 37 8 2 5 
1900 11 1 12 4 — 4 12 1 133 § — 5 
1901 9 2 11 22 ol 3 12 2 14 3. 6441 4 
1902 9 6 15 1, 22° 73 15 6 21 4 3 7 
1903 9 6 15 1 2 8 153 5 205 3 6 @ 
1904 | 9 7 16 2 4 6 123 3 153 6 7 18 
1905 | 9 3 9 6 3 9 6 — 6 2 2 4 
Undated. 4 — 4 1— 1 10 _ 10 1— 1 
| 942 = 74. 316 45 23 68 5534 157 710% | 48 28 76 


It will be seen of the 316 marriages, 74 are returned as unlimited 
and 242 as limited. But in order to ascertain the real prevalence of 
voluntary limitation as affecting population, certain deductions should 
be made. Marriages prior to 1875 may fairly be taken out, since the 


10 One of these gives no information as to children. 
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decline of the general birth rate only began after that date. This 
eliminates six limited and 17 unlimited marriages, leaving 236 limited 
and 57 unlimited. Again, a usual commencement of limitation ap- 
pears to be after the birth of at least two children. Marriages con- 
tracted in 1903, 1904 and 1905 should, therefore be deducted. This 
leaves 212 limited and 41 unlimited for the period 1875 to 1902, both 
years included, and including also four marriages the dates of which 
were not reported, but which almost certainly fall within the period 
named. But it must be further noted that no less than 13 of the 41 
unlimited marriages were childless, and therefore no occasion for limi- 
tation arose, unless the parents had desired a childless marriage. This 
reduces the number of fertile and unlimited marriages during the 
period 1875 to 1902 to 28 out of 252, or, if the infertile unlimited 
marriages are deducted, 239. 

If we take the decade 1890-99, which may be regarded as the typical 
period, we find that out of 120 marriages 107 are limited and 13 un- 
limited, whilst of these 13 five and possibly six were childless at the 
date of the return. Jn this decade, therefore, only seven or possibly 
eight unlimited fertile marriages are reported out of a total of 120. 

In order to ascertain the effect of limitation on the size of families 
let us next take the number of children born and living up to five years 
of age, of all limited marriages from the earliest recorded (1867) to 
and including 1903. 


NUMBER OF CHILDREN OF LIMITED MARRIAGES 


Children in family............. OP bly eee ay ee oxen a. . Be! Oe a 
Mlarriaces:< (ieee odie s bare ees 39° 54°50 20° 22> It 6 SB 2 1 4 
Potal Children ie saci as acd aid eda ae s 0 54118 87 88 55 36 21 16 9 11 


That is, a total of 227 marriages and 495 children. But owing to 
second marriages, which are not in all cases fully detailed, nine chil- 
dren must be added, together with an uncertain number (say six) for 
two other fruitful marriages mentioned but not reported. Altogether 
the parents of these (say) 510 children number 452. ‘This, however, 
ignores expected children. 

Taking all limited marriages we may next ascertain what is the 
probable total intended fertility. We can state the number of each 
limited family in this form: 

Number living added to the number intended where stated; and, 
secondly, number living plus an unspecified addition. Cases where the 
return says ‘two or three’ more children expected are classified as 2, 
and ‘three or four’ as 34. We then get the following results: 


ToraL Expectep FERTILITY OF LIMITED MARRIAGES 


Intended size of family................ 3 1 224 3 34 4 5678 1 
Completed families .............000005 33 35454 265 21116221 0 
Families with indeterminate additions... 9 17 12- 6- 4 1-100 1 

425257 4 325 25126321 1 
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If we assume the unspecified addition to average one and a half 
children we find that the 242 marriages have yielded, or are intended 
to yield, a total of 619 children and an average of 2.56 children per 
marriage. 

If we take the typical decade 1890-99 we get the following results: 


107 LIMITED MarriacGes, 1890-1899 


Children living to the:age of fivessc.s. ao. Saher ead an 0 1 2 3 4 5 
DUTTA AS ie se ee AR ie, ached hake pat mol Ay Ht Sea oan ratay area acs 25 23 34 15 6 4 
Number of completed families (‘no more expected’)... 22 17 19 9 4 4 
Not. recorded or doubtitleis. 0 canine cea sweneedese spa TB eB OD oe 
DTOTe OXPecledan) cowie Ot sve as ni desae ees wel sentecas 2 1 4 31 - 
Number of children expected where indiecated.......... = on aa ee 


This gives 118 living children (excluding deaths of any after five 
years) and 12 or 13 expected, whilst in 11 cases unspecified additions 
to the families are anticipated, and 12 cases are doubtful. If one addi- 
tional child is allowed for each doubtful case and one and a half for 
each unspecified case, this would give 159 children as the fruit of 107 
marriages and of 211 parents (allowing for second marriages, in which 
cases only three persons are concerned in two marriages). This indi- 
cates that the offspring of each limited marriage (judging from the 
period named) is almost precisely one and a half children per marriage. 
The average number of children to be expected from each marriage, in 
England and Wales twenty-five years ago, was at least three times 
as great! 

Information as to the causes which had led to hmitation was not 
specifically asked for. But in many papers a large number of valuable 
details were supplied. Taking all the limited marriages (242) we 
find the causes indicated as follows: 


CAUSES OF LIMITATION 


Fi COMOMIC® 65 8 hs Sok Sendo le Soca Gew oo Powe HSE abootanae ahs 38 
Sexual ill-health .......... 00.00.00 eee eae ee 13 
Other Tshenlenor leredity ssi be oc beets bk Heo 19 
Disinelination of wife 2... 0.00... cee ee nee 9 
Meat hicor wales s2s0 0c es eae det Liaw So ee Ak ae a atest 6 
NOES SAE ee. fie sunctecdevend. Ssctoe 2 Beals Ged os elocaok Pee oa BE Fe eas 114 
Several’ CAWUSeS ose gee eh ahb ale Se eM we a Se eee Be 43 

242 


The death of a parent, of course, is a cause of limitation in another 
sense from that elsewhere employed in this paper. 
Analyzing these last again, we find the following causes assigned: 


HCONGI Carico croton on Sal eeks we eae de LS « 35 out of 43 
Sexual ill-health 1.0.0.0... 0.0.00 cee eee eee Leh x5 43 
Other ill-health or heredity............... 19:,  “f 43 
Disinelination of wife..... 0... 0. cee eee 15 43 
Death Of parent: 2s. cod. ces ead tow aay, bs 2 “ 43 


OPN ETACAUSOBES os ersng te Mie OE EA Re hee OS 5) CO 43 
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Adding the two together we find that, out of the 128 marriages in 
which the cause of limitation is stated, the poverty of the parents in 
relation to their standard of comfort is a factor in 73 cases, sexual ill- 
health (that is, generally, the disturbing effect of child-bearing) in 24 
and the other ill-health of the parents in 38 cases. In 24 cases the 
disinclination of the wife is a factor, and the death of a parent has in 
eight cases terminated the marriage. It should be added that in one 
or two cases of marriages in the earlier years tabulated recent deaths 
of parents are mentioned which could not have affected the size of the 
families, and these are not included in the above. 

The confidential voluntary census thus taken is, of course, far too 
small to be, in itself, any proof of a widespread custom. But taken in 
conjunction with the very extensive statistical evidence already adduced, 
it seems to me to complete the demonstration. We must, I think, now 
take it as proved that the principal, if not the sole, cause of the present 
continuous decline in the birth rate in Great Britain is the deliberate 
regulation of the marriage state. This practise prevails, it must be 
inferred, either with the object of family limitation, or merely with that 
of regulating the intervals between births, among at least one half, and 
probably among three fourths, of all the married people in Great Britain 
of reproductive age—not, as is often imagined, only among those above 
the ranks of labor, but practically among all classes, from the agricul- 
tural laborer in sparsely populated districts, and the artisan in the 
towns, up to the various grades of professional men and even to the 
wealthy property owners. The result is that after a quarter of a cen- 
tury of this practise, the total number of children born annually in 
Great Britain is less than four fifths of what it would be if no such 
interference took place. Nor is the practise confined to this country. 
The statistics indicate that New South Wales and Victoria have already 
carried it further than we have, whilst New Zealand is not far behind. 
Registration in the United States is very imperfect, but it is clear that 
the American-born inhabitants of New England, and perhaps through- 
out the whole of the northern states, are rapidly following suit. The 
same phenomenon is clearly to be traced in the German Empire, espe- 
cially in Saxony, Hamburg and Berlin, but the German rural districts 
are as yet unaffected. ‘The Roman Catholic population of Ireland (and 
of the British cities), as well as those of Canada and Austria, appear to 
be still almost untouched, but those of Belgium, Bavaria and Italy are 
beginning to follow in the footsteps of France. The fact that almost 
every country which has accurate registration is showing a declining 
birth rate indicates—though, of course, it does not prove—that the 
practise is becoming ubiquitous. 

These clearly proved facts—which we are bound to face whether we 
like them or not—will appear in different lights to different people. In 
some quarters it seems to be considered sufficient to dismiss them with 
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moral indignation, real or simulated. Such a judgment appears to the 
present writer both irrelevant and futile. It is impossible, as Burke 
has taught us, to draw an indictment against a whole nation. If a 
course of conduct is habitually and deliberately pursued by vast multi- 
tudes of otherwise well-conducted people, forming probably a majority 
of the whole educated class of the nation, we must assume that it does 
not conflict with their actual code of morality. They may be intel- 
lectually mistaken, but they are not doing what they feel to be wrong. 
Assuming, as I think we may, that no injury to physical health is neces- 
sarily involved—aware, on the contrary, that the result is to spare the 
wife from an onerous and even dangerous illness, for which in the vast 
majority of homes no adequate provision in the way of medical attend- 
ance, nursing, privacy, rest and freedom from worry can possibly be 
made—it is, to say the least of it, difficult on any rationalist morality 
to formulate any blame of a married couple for the deliberate regulation 
of their family according to their means and opportunities. Apart 
from some mystic idea of marriage as a ‘ sacrament,’ or, at any rate, as 
a divinely instituted relation with peculiar religious obligations for 
which utilitarian reasons can not be given, it does not seem easy to 
argue that prudent regulation differs essentially from deliberate celibacy 
from prudential motives. If, as we have for generations been taught 
by the economists, it is one of the primary obligations of the individual 
to maintain himself and his family in accordance with his social posi- 
tion and, if possible, to improve that position, the deliberate restriction 
of his responsibilities within the means which he has of fulfilling them 
can hardly be counted otherwise than as for righteousness. And when 
we pass from obligations of the ‘ self-regarding’ class to the wider con- 
ception of duty to the community, the ground for blame is, to the 
ordinary citizen, no more clear. A generation ago, the economists, and, 
still more, the ‘ enlightened public opinion’ that caught up their words, 
would have seen in this progressive limitation of population, whether 
or not it had their approval, the compensating advantage of an uplift- 
ing of the economic conditions of the lowest grade of laborers. At any 
rate, it would have been said, the poorest will thereby be saved from 
starvation and famine. To those who still believe in the political 
economy of Ricardo, Nassau Senior, Cairnes and Fawcett—to those, in 
fact, who still adhere to an industrial system based exclusively on the 
pecuniary self-interest of the individual and on unshackled freedom of 
competition—this reasoning must appear as valid to-day as it did a 
generation ago. 

To the present writer the situation appears in a graver light. More 
accurate knowledge of economic processes denies to this generation the 
consolation which the ‘ Early Victorian’ economists found in the limi- 
tation of population. No such Hmitation of numbers prevents the 
Jowest grade of workers, if exposed to unfettered individual competi- 
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tion, from the horrors of ‘sweating’ or the terrors of prolonged laek 
of employment. On the other hand, with factory acts and trade union 
‘collective bargaining * maintaining a deliberately fixed national mini- 
mum, the limitation of numbers, however prudent it may be in indi- 
vidual instances, is, from the national standpoint, seen to be economic- 
ally as unnecessary as it is proved to be futile even for the purposes for 
which McCulloch and Mill, Cairnes and Fawcett so ardently desired it. 

Nor can we look forward, even if we wished to do so, to the vacuum 
remaining unfilled. It is, as all experience proves, impossible to ex- 
clude the alicn immigrant. Moreover, there are in Great Britain, as 
in all other countries, a sufficient number of persons to whom the pru- 
dential considerations affecting the others will not appeal, or will appeal 
less strongly. In Great Britain at this moment, when half, or perhaps 
two thirds, of all the married people are regulating their families, chil- 
dren are being freely born to the Irish Roman Catholics and the Polish, 
Russian and German Jews, on the one hand, and to the thriftless and 
irresponsible—largely the casual laborers and the other denizens of the 
one-roomed tenements of our great cities—on the other. This par- 
ticular 25 per cent. of our population, as Professor Karl Pearson keeps 
warning us, is producing 50 per cent. of our children. This can hardly 
result in anything but national deterioration; or, as an alternative, in 
this country gradually falling to the Irish and the Jews. Finally, 
there are signs that even these races are becoming influenced. The 
ultimate future of these islands may be to the Chinese. 

The conclusion which the present writer draws from the investiga- 
tion is, however, one of hope, not of despair. It is something to dis- 
cover the cause of the phenomenon. Moreover, the cause is one that 
we can counteract. If the decline in the birth rate had been due to 
physical degeneracy, whether brought about by ‘ urbanization’ or other- 
wise, we should not have known how to cope with it. But a deliberately 
volitional interference, due chiefly to economic motives, can at any 
moment be influenced partly by a mere alteration of the economic con- 
ditions, partly by the opportunity for the play of the other motives 
which will be thereby afforded. 

What seems indispensable and urgent is to alter the economic inci- 
dence of child-bearing. Under the present social conditions the birth 
of children in households maintained on less than three pounds a week 
(and these form four fifths of the nation) is attended by almost penal 
consequences. The wife is incapacitated for some months from earn- 
ing money. For a few weeks she is subject to a painful illness, with 
some risk. The husband has to provide a lump sum for the necessary 
medical attendance and domestic service. But this is not all. The 
parents know that for the next fourteen years they will have to dock 
themselves and their other children of luxuries and even of some of the 
necessaries of life, just because there will be another mouth to feed. 
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To four-fifths of all the households in the land each sueceeding baby 
means the probability of there being less food, less clothing, less house 
room, less recreation and less opportunity for advancement for every 
member of the family. Similar considerations appeal even more 
strongly to a majority of the remaining 20 per cent. of the population, 
who make up the ‘middle’ and professional classes. Their higher 
standard of life, with its requirements in the way of culture and refine- 
ment, and with the long and expensive education which it demands for 
their children, makes the advent even of a third or fourth child—to 
say nothing of the possibility of a family of eight or twelve—a burden 
far more psychologically depressing than that of the wage-earner. In 
order that a due number of children may be born, and that they may 
be born rather of the self-controlled and foreseeing members of each 
class than of those who are reckless or improvident, we must alter the 
balanee of considerations in favor of the child producing family. 

The question is whether we shall be able to turn round with suffi- 
cient sharpness and in time. For we have unconsciously based so much 
of our social policy—so many of our habits, traditions, prejudices 
and beliefs—on the assumption that the growth of population is always 
to be reckoned with, and even feared, that a genuine realization of the 
contrary position will involve great changes. There are thousands of 
men thinking themselves edueated citizens to-day to whose whole sys- 
tem of social and economic beliefs the discovery will be as subversive 
as was that announced by Copernicus. We may at Jast understand 
what the modern economist means when he tells us that the most valu- 
able of the year’s crops, as it is the most costly, is not the wheat harvest 
or the Jambing, but the year’s quota of adolescent young men and women 
enlisted in the productive service of the community; and that the due 
production and best possible care of this particular product is of far 
greater consequence to the nation than any other of its oecupations. 
Infant mortality, for instanee—that terrible and quite needless 
slaughter within the first twelve months of one seventh of all the babies 
that are born—is already appealing to us in a new way, though it is no 
greater than it was a generation ago. We shall suddenly remember, 
too, that one-third of all the paupers are young children; and we may 
then realize that it is, to the community, of far more consequence how 
it shall bring up this quarter of a million children over whom it has 
complete power than the exact degree of hardness with which it may 
choose to treat the adults. Instead of turning out the children to 
tramp with the father or beg with the mother, whenever these choose to 
take their discharge from the workhouse, whieh is the invariable prae- 
tise to-day, we should rather jump at the chance of ‘adopting’ these 
unfortunate beings in order to make worthy citizens of them. Half of 
the young paupers, moreover, are widows’ children, bereft of the bread- 
winner. For them the community will have to arrange to continue in 
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some form or another the maintenance which the father would have 
provided had he lived. Above all, we must encourage the thrifty, fore- 
seeing, prudent and self-controlled parents to remove the check which, 
often unwillingly enough, they at present put on their natural instincts 
and love of children. We must make it easier for them to undertake 
family responsibilities. For instance, the arguments against the un- 
limited provision of medical attendance on the child-bearing mother 
and ler children disappear. We may presently find the leader of the 
Opposition, if not the Prime Minister, advocating the municipal supply 
of milk to all infants, and a free meal on demand (as already provided 
by a far-seeing philanthropist at Paris) to mothers actually nursing 
their babies. We shall, indeed, have to face the problem of the sys- 
tematic endowment of motherhood, and place this most indispensable 
of all professions upon an honorable economic basis. The feeding of 
all the children at school appears in a new light, and we come, at a 
stride, appreciably nearer to that not very far distant article in the 
education code making obligatory in the time-table a new subject— 
namely, ‘12 to 1 p.m., table manners (materials provided).’ There 
would be no greater encouragement to parentage in the best members 
of the middle and upper artisan classes than a great multiplication of 
maintenance scholarships for secondary, technical and university educa- 
tion, and the multiplication of tax-supported higher schools and colleges 
at nominal fees, or even free. 

Such a revolution in the economic incidence of the burden of child- 
bearing would leave the way open to the play of the best instincts of 
mankind. ‘To the vast majority of women, and especially to those of 
fine type, the rearing of children would be the most attractive occupa- 
tion, if it offered economic advantages equal to those, say, of school 
teaching or service in the post office. At present it is ignored as an 
occupation, unremunerated, and in no way honored by the state. Once 
the production of healthy, moral and intelligent citizens is revered as a 
social service and made the subject of deliberate praise and encourage- 
ment on the part of the government, it will, we may be sure, attract 
the best and most patriotic of the citizens. Once set free from the 
everwhelming economic penalties with which it is at present visited, the 
rearing of a family may gradually be rendered part of the code of the 
ordinary citizen’s morality. ‘The natural repulsion to interference in 
marital relations will have free play. The mystic obligations of which 
the religious-minded feel the force will no longer be confronted by the 
dead wall of economic necessity. To the present writer it seems that 
only by some such ‘sharp turn’ in our way of dealing with these prob- 
lems can we avoid race deterioration, if not race suicide. 
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WATERWAY DEFENSES OF THE ATLANTIC COAST 


By WILLIAM J. ROE 


NEWBURGH, N. Y. 


T will be remembered what a spasm of apprehension seized the 
country when the prospect of war with Spain became imminent. 
Not only did these fears affect seriously the dwellers in sea-coast cities, 
but they were shared in to such an extent by those who had been accus- 
tomed to plan their summer outings at the sea-shore as to send a very 
large proportion to the mountains Instead. In fact so great was the 
unreasoning and unreasonable terror that the season of 1898 was quite 
unremunerative to innkeepers at summer resorts along the coast. 

If such was the effect of a declaration of war with Spain, whose 
sea-power was so notoriously weak, what would it be likely to be in 
the face of hostilities threatened with a foreign country amply pre- 
pared for offensive naval movements? Though the prospect of war 
with a capable maritime power be ever so remote; though the fashion 
of modern civilization seems to have been set for arbitration, and con- 
eresses of peace have been established with at least the promise of 
permanency; and though we appear to have entered upon a period of 
good-will and cordial relations with the most ponderous of nations, 
still the construction of battle-ships and armored cruisers goes on in 
every shipyard of every government of the world with increased rather 
tban abated zeal. However much the American public may desire 
peace, and however determined to exhaust the arts of diplomacy to 
preserve it, so long as human nature retains any of the virus of the 
serpent, or the fangs of the wolf, so long will war remain the final 
appeal of human interest, even though shorn of some of its ferocity 
as the first resort of inhuman passion. It is, and will continue doubt- 
less for many decades, with nations as with the individual man; that 
one is always best assured of peace that is best prepared to resist in- 
sclence and retaliate foreibly, quickly and effectively upon any form 
of aggression. 

After a long period of lethargy following the civil war the nation 
has become wisely awakened to the necessity of providing means of 
defense more in accord with our recent position as a ‘ world-power.’ 
So have we constructed and are constructing powerful earth-works, re- 
placing the obsolete defenses of stone forts, mounting behind them our 
guns; so that we planned mines for our harbors, and gathered destruc- 
tive and far-flying torpedo missiles; and, more important yet, are build- 
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ing day by day huge monsters of the deep, each succeeding one an 
improvement in strength and fury upon its predecessor, and all vastly 
the superiors of those famous ships—the Iowa, the Oregon, the Brook- 
lyn and the rest, that so quickly sent the steel-clad hulls of Spain upon 
the shoals of the Caribbean Sea. 

In the state of high efficiency of modern ordnance, while floating 
guns are able to throw enormously destructive projectiles to such great 
distances, it is not beyond the range of reason to declare positively 
that not a single city upon the Atlantic coast is entirely safe from 
bombardment by a foreign fleet. The extraordinary contingencies of 
the Spanish war will not, it may be beheved, ever return. The next 
time (which, with our expanding relations, more and more world-wide 
continually, may come at any moment) that we are called upon to 
match strengths with an enemy, we may be quite sure it will be with 
@ foe of different caliber than poor, enervated Spain. Her valor, her 
deep sense of honor, her devotion, fanatical as that of any follower of 
Mahomet, all were vain and valueless because of—in one phrase—lack 
of adequate preparation. The next time the American people are 
ealled upon to face an enemy upon the high seas, it will not be, we 
may be sure, to find his nominal fighting power or the speed of his 
war ships diminished by so large a percentage; nor, to be frank, that 
our own ordnance, horse-power of engines, general efficiency, shall 
again surprise ourselves with performances so much better than was 
expected or claimed. 

Do not let us delude ourselves with the undue confidence that all 
has been done, or is in process of being done, in the way of adequate 
preparation. For many years to come, though we construct men-of- 
war in increasing numbers and with increased power, it will still remain 
that other nations are also increasing their armaments. ‘That ‘ next 
time’ it may not be one nation, but a coalition of nations. Besides, in 
these days of swift changes and sudden inventions, the best efforts of 
designers of floating fortresses may become obsolete almost overnight. 

There are some things, however, that by their very nature can not 
become obsolete; a single nation may for a time, by reason of greater 
energy, wealth or genius, so dominate in the game of warfare as to 
checkmate adversaries right and left. America, with her Ericsson 
and the Monitor, was for a few years as a queen among pawns. But 
we could not rely, as no nation can rely, upon such marvels. Little 
more than forty years have passed and the accepted type of battle-ship 
is the same all over the world; that has replaced the Miantonoma, as 
that replaced the Monitor, as that displaced the Congress and the 
Powhatan. Between the banks of oars of the Carthagenian triremes 
and the sails of Philip IT. and Effingham ; between the Seventy-four of 
1812 and the ‘cheese-box on a raft,’ great gulfs of mechanical in- 
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genuity are fixed. Yet all the while, under all customs of conflict, all 
politieal administrations, in every age, eertain ehangeless principles 
underlie and determine changing methods of aetion. These things can 
never beeome obsolete; the ingenuity by which Rome taught herself 
to emulate and at last exeel in the first Punic war, and that victory 
comes not so much by the possession of big forces as by having Drakes 
and Frobishers pitted against a Medina Sidonia. 

In every condition of battle, and especially having referenee to our 
own defense on the Atlantic coast from a powerful adversary on the 
sea, two great principles assert themselves as essential; first is the 
establishment of defensive relations, by both fortifieations and squad- 
rons, and seeond, the ability to concentrate swiftly and effectively at 
any threatened point the full measure of naval effectiveness at our 
command. 

A hostile fleet coming upon our coast for purposes of offense would 
have the advantage of being able to concentrate at any desired point, 
to select the city that it sought to doom to destruction or spoliation. 
The timid citizens of New York, who a few years ago had their fears 
so excited, may take confort in knowing that of all our great sea-board 
cities, theirs is probably in least danger of bombardment. Gruesome 
tales were told of the ease with which foreign war ships could float broad- 
side off Coney Island, to send round shot and shell into Broadway and 
Fifth Avenue. Calm your fears or assuage them; no doubt a hostile fleet 
can select and concentrate; but of all exposed points it is least likely to 
choose New York. The reason for this comparative immunity lies in 
the fact that the Hudson River empties into the oeean at the apex of a 
reentrant sea-angle, the base of whieh is found on a line drawn from the 
end of Long Island at the east to either the Capes of the Delaware or 
those of the Chesapeake at the south. At Philadelphia and in Hamp- 
ton Roads are naval stations, and also at Newport and New London. 
It is reasonable to assume that at all these would be war vessels, which 
ecncentrating would be likely to furnish a force to assail an enemy upon 
the sea in the rear loeated off Sandy Hook. Formidable or fortunate 
would an attacking foree be to avoid or avert some form of disaster, if 
not eomplete destruction. In war, as in the lightning stroke, energy is 
apt to take the line of least resistance. and it may, I think, be quite eon- 
fidently asserted that some other eity, not possessed of this advantage, 
would be the one most exposed to attack; Boston and Portland in the 
north, and on the south Charleston or Savannah. 

We shall not enter into any details concerning movements of land 
forces, nor do more than call attention to the strength of our present 
sea-coast batteries. I would not lull you to a too great confidence that 
that strength is sufficient, nor that even torpedoes, fixed or floating, are 
eertainly effeetive; nor is it necessary to excite further alarm by sug- 
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gesting enormous expense involved in the construction of armored 
forts; these all are foreign to the purpose of this paper, which is simply 
to point out how easily, and—considering the objects to be achieved— 
how cheaply, those two principles of defence—mutual defensive rela- 
tions and concentration of floating forees—can be achieved. 

With the map before you note the condition of existing waterways 
along our seaboard. From the eastern end of Long Island a series of 
continuous inland waterways begins that, with here and there an inter- 
ruption, does not end till the coast of Florida is reached. Long Island 
Sound is now or soon will be amply defended from the sea. The 
East River, New York Bay, the Kill-von-Kull, the Delaware and 
Raritan Canal, the Delaware River, the Chesapeake and Delaware 
Canal, the Chesapeake Bay, the Dismal Swamp Canal, Albermarle 
Sound, Pamlico Sound and beyond, almost continuous lagoons behind 
the Sea-Islands of North and South Carolina, Georgia and Florida, 
complete a chain of channels and artificial canals, awaiting only en- 
largement, and in some cases adequate or extra fortification to render 
the entire sea-coast—if not impregnable, at least defensible to an ex- 
tent to which military men have long been alive; but to which the 
casual citizens (as well as their representatives in congress assembled) 
have been not only slumbering, but even in wakeful moments deaf, 
dumb and blind. 

We may go even a little farther in the way of defensive suggestion, 
by including not only the Atlantic sea front, but also the gulf coast. 
A eanal, surveyed and reported upon long ago by the United States 
Corps of Engineers, could be constructed at a trivial cost from Jackson- 
ville to and down the Suwanee River. ‘That such a canal has not 
already been constructed is owing to the fact that in a commercial sense 
it would not pay. Beyond Fisher’s Island at the eastern extremity of 
Long Island Sound, for purposes of ample inland communication, a 
ship canal would need to be ‘built? from near Watch-Hill to some 
point on Narragansett Bay, and another from near Fall River to New 
Bedford. Already a canal (designed for small coasting craft) has 
been projected and some work done, connecting Buzzard’s and Cape 
Cod Bays. ‘The fact stares us in the face, that with a series of channels 
requiring only construction or enlargement, connecting navigable and 
defensible inland bodies of water along the coast, nothing—or com- 
paratively nothing—has been done to effect so great a war benefit. 
Of course this apathy has been due solely to that narrow commercial 
instinct—the so-called ‘timidity of capital’—which has persisted in 
refusing even to trafiic, to say nothing of national defense, the mani- 
fest gain that would come from judicious expenditure. Capital will 
not (as I have heard it expressed) ‘sink money in a ditch.’ 

Some day, perhaps not in the far future, some of these frugal multi- 
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millionaires may find occasion to abruptly change their minds. It is 
‘on the cards,’ though they be not yet dealt, not even shuffled. It is not 
necessary to say that no reference is made especially to Great Britain 
in quoting a famous phrase: that some day the ‘ thunders of English 
eannon may be heard in—St. Angelo?’ No, in Boston. When the 
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splendid Fine Arts building and the Public Library become targets 
for long range projectiles, and the new ‘Old South Church’ and 
Trinity and all the magnificent residences of the ‘Back Bay’ are 
crumbling under the ‘ fire-ball of death, surely they will be sorry that 
an expenditure was not demanded, less, far less than the tribute that 
might be demanded, to save their city from destruction. 
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Perhaps even before the twentieth century is well out of its youth 
a hundred millions may not suffice as ransom. That sum, probably 
much less, spent properly now or within the next five years would go 
far indeed towards saving their terrors and their pockets. 

All this that has been related in perhaps tedious detail has long 
been under consideration by our department of war. Time and again 
has laid before the president, the senate and house of representatives the 
data collected by the engineer corps with painstaking fidelity looking 
to an end so beneficial. The congress has been asked, urged, implored, 
in at least one instance where the expenditure required was trifling 
compared with the defensive result, to construct a deep waterway. 
Bills, from time to time, have been introduced—five or six in the last 
fifty years—but nothing has come of any of them of a practical char- 
acter. 

A slight study of the accompanying map showing a portion of our 
Atlantic seaboard will demonstrate, better perhaps than much argu- 
ment, the necessity and, inferentially, the effectiveness, of a proposed 
series of deep water canals, parallel to the coast and connecting one 
after the other the landlocked and fort-defended rivers, bays and 
estuaries. From the extreme eastern terminus of the system at Cape 
Cod Bay, the first of these suggested artificial channels is that which 
would have its southern end in Buzzard’s Bay. Next comes (all being 
denoted by thick black lines) a similar water communication between 
New Bedford and Fall River. Still another is proposed between 
Narragansett Bay and Long Island Sound near Stonington. After 
this, towards the southeast there is already natural deep-water com- 
munication, through the East River and New York harbor. It re- 
quires only the widening and deepening of the ‘ Delaware and Raritan’ 
canal to open a well-defended inland waterway to the Delaware River. 

Perhaps at the time we have instanced—not as an alarmist, but 
as a mere guide-post to possibilities of the future—when a foreign fleet 
appeared threatening Boston, in New Bedford harbor were a few iron- 
clads. For them to hasten to the threatened point that little strip of 
sand cut through by a thirty-foot canal would mean perhaps salvation. 
But with the others cut, how quickly could our fleets gather; one from 
Newport, another from New London, reinforced—as they speedily 
would be—by all the naval strength gathered at the New York Navy 
Yard and at League Island on the Delaware. 

But an even more potential presentation of the advantage of a 
ship-canal of sufficient depth to enable a war ship to pass through it 
is found in the projected cutting through of the narrow neck that 
separates the waters of the Delaware from those of the Chesapeake 
Bay. The suggested waterways between Long Island Sound and Nar- 
ragansett Bay, and between Fall River and New Bedford have not even 
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yet been so much as thought of; the Cape Cod cutting, though for over 
two centuries planned for, and even partially worked, has been re- 
garded solely in the light of a commercial venture. Of all these 
proposed canals but one has received attention from the United States. 
This one is the cutting of the divide between the Chesapeake Bay and 
the Delaware River. In 189+ a commission, authorized by congress 
and appointed by the president, examined numerous routes already 
surveyed across the Maryland-Delaware peninsula, with the result that 
they recommended the route known as the ‘ Back Creek’ or ‘ Elk River’ 
route, the most northerly of all. Much interest had been taken in a 
projected canal in Baltimore; but it was wholly in the light of a com- 
mercial benefit. The advantage of the route selected—though mani- 
fest from a military standpoint—was not perceptible to the practical 
minds of the traders of the thrifty city. The commission had been 
required to select that one of six or eight routes (the most southerly 
being that known as the ‘ Choptank’) which should be most advan- 
tageous in ways of commerce as well as those of war. 

Baltimore’s shippers, willing enough to admit the theoretical bene- 
fits of the route selected from a military standpoint, declared with 
one voice that it possessed none whatever of a commercial character. 
It would be as well, they said, if not better, to continue to come and 
go by the old route down the Chesapeake to the capes of Virginia. 
There was not enough public spirit in congress to incite to action from 
any purely military considerations; the incentive of private commer- 
cial interest being lacking, the project dropped like lead. Ten years 
passed, and then, at the first session of the fifty-eighth congress a bill 
was introduced in the house of representatives, and another (at the 
second session) in the senate, both having for object the purchase by 
the United States of the ‘chartered rights’ of the ‘ Chesapeake and 
Delaware Canal,’ located on the line of the so-called ‘ Back-Creek,’ and 
the construction of a free ship-canal thereon. Both of these bills 
failed to get past the committees to which they were referred. Again 
in 1905 a joint resolution (introduced by Mr. Mudd of Maryland) 
was referred to the committee on railways and canals. It appeared 
that this measure was likely to meet the same fate as its predecessors ; 
but interest in the project was aroused in the committee, and intel- 
ligent scrutiny; the resolution was modified to the extent that all the 
so-called ‘southern routes’ (manifestly of no utility in a military 
sense) were eliminated, and consideration confined to the two most 
northerly routes—the ‘ Back Creek’ and the Sassafras. In this shape 
the joint resolution passed both houses; it was approved by the presi- 
dent, and a commission was appointed to decide which of the two 
routes was the better, in view of ‘probable cost and commercial ad- 
vantages and military and naval uses of each,’ with a view to con- 
structing by the United States of a ‘ free and open waterway.’ 
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Yor the first time in the history of these endeavors the question 
had become a practical one—as to which of two routes was the superior 
for both commerce and war. 

The second of the two maps shows at a glance the situation of the 
two routes, especially the manifest advantage of the Sassafras, chiefly 
on account of the greatly decreased distance from the wharves of Balti- 
more to a point at sea off the capes of the Delaware. 

But it is not with the commercial relations of any route that our 
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interest lies; but rather that by the construction of a ship-canal 
by one or the other, one link will be securely forged in that chain of 
waterways by which so much is to be gained in ways of defense of our 
Atlantic seaboard. Perhaps these defensive advantages could not be 
better set forth than by quoting in full the ‘ expert’ opinion of General 
William P. Craighill, former chief of engineers, U. 8. A. 


NOTES UPON THE MILITARY CONSIDERATIONS CONCERNING A PROPOSED SHIP- 
CANAL FROM TIE DELAWARE TO THE CHESAPEAKE. 


It will be doubted by no one that a deep-water communication between the 
two bays would be of vast importanee in the eontingeney of war with a mari- 
time nation. Such a connection would provide a means of eoneentrating the 
floating defenses of the two bays, and besides this would render miore secure 
the communication between the naval stations of Philadelphia and Norfolk 
and Washington. Vessels defending a port have two offices to perform, the one 
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being to assist in the direct defense, or to prevent capture or occupation by a 
hostile force, the other being the prevention or breaking up of blockades. With- 
out a canal a blockade at the Capes of the Delaware would close the port of 
Philadelphia, or blockade at the Capes of Virginia would close the outward 
commerce of Baltimore and other ports of the Chesapeake. With the canal 
built where communication would be secure, neither the ports of Philadelphia 
nor of Baltimore could be closed unless an effectual blockade were established 
both at the Delaware and at the Virginia Capes. The disadvantage to the 
attacking party is obvious, while the defending vesscls could concentrate at 
either outlet, and breaking the blockade at one point would open both ports and 
render the blockade useless at the other outlet. 

When the question of defense is considered in the choice of a route, the 
elements are rapidity and security of communication. ... For the purposes of 
concentration for the defense of the two bays, the Sassafras is superior in 
regard to rapidity. In this respect there is little or no difference between the 
Sassafras and the Back Creek. 

For security of communication the Sassafras is superior (to the so-called 
‘lower routes’), as the entire route from Baltimore to Philadelphia can be 
protected by shore defenses, and the defense can be made or assisted at any 
point by gun vessels whose light draught would permit them to keep ont of 
water in which they could be rammed by the sea-going warships. The Back- 
Creek route in this respect is precisely the same as the Sassafras. 


The commission, of which General Felix Agnus, of Baltimore, is 
chairman, has given to the matter of a choice between the two routes 
all the time and attention that its importance deserves. Public meet- 
ings were held during the month of September, in Baltimore, Wilming- 
ton and Philadelphia, and great interest manifested, not only on the 
part of representatives of trade organizations, but by members of con- 
gress from the states most directly concerned. This interest was, of 
course, chiefly commercial, and a keen rivalry was developed between 
the cities of the Delaware and those of the Chesapeake Bay, the former 
favoring the line of the present canal, while the Sassafras was advo- 
cated by those who foresaw the great benefits that must come to Balti- 
more from the adoption of this route. 

The rivalry, keen as it has been, between the opposed interests of 
the ‘ Back-Creek’ and the Sassafras routes, has been in all respects 
honest and good natured; neither side to the controversy having mani- 
fested any spirit of jealousy or unwillingness to yield to the findings 
of the commission. 

What that finding may be it is yet too early for conjecture; but 
in either event, acquiescence will not be withheld, nor all the influences 
of a united public sentiment, given not ‘ grudgingly, nor of necessity,’ 
but with generous and cordial assent as to an honest judgment for the 
public welfare and the nation’s good. 
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THE SIMPLIFICATION OF FRENCH SPELLING 


By PROFESSOR BRANDER MATTHEWS 


COLUMBIA UNIVERSITY 


N February, 1903, the French government appointed a commission 
to prepare the simplification of French orthography. It con- 
sisted of MM. Bernés, Clairin, Comte, Croiset, Devinat, Gréard, Meyer 
(members of the Superior Council of Education), M. Havet (of the 
institute), Professors Brunot and Thomas (of the University of Paris), 
and MM. Carnaud and Cornet (deputies). M. Paul Meyer was the 
president of the commission and M. Clairin the secretary. The com- 
mission made its report in July, 1904, advocating a series of simplifica- 
tions of French spelling, in accordance with the principle of omitting 
useless silent letters—the same principle which is guiding the action 
of the Simplified Spelling Board here in the United States. 

The report of this commission was submitted to the French Acad- 
emy, which charged M. Emile Faguet with the duty of expressing its 
opinions. Asa result the government appointed a second commission, 
of which M. Faguet is a member and of which the report was written 
by Professor Brunot. ‘This report is in type, but it has not yet been 
distributed. M. Meyer has now reprinted his report, prefacing it 
with a personal paper of his own in which he discusses the present con- 
dition of French orthography, explains the historic reasons for its 
absurdities and points out how it can most easily be improved. His 
pamphlet, ‘ Pour la Simplification de notre Orthographe,’ is published 
in Paris, by Delagrave. His statement of the case is curiously like 
that which has been made in English by the Simplified Spelling Board. 


Ordinarily, spelling is defined as ‘the art and science of writing the words 
of a language correctly, according to established usage.’ But that usage be- 
comes established under conditions differing widely, according to the period and 
the country; and in order to appreciate the value of the orthography of any 
language it is important in the first place to know the origin of that usage, 
made permanent in the spelling. Almost everywhere the original idea was that 
spelling should reflect pronunciation as closely as possible; the phonetic tend- 
ency is predominant. But wherever spelling became fixed at an early time, 
whether by academies or through printers’ influence, it ceased gradually to be 
phonetic in character, because language changed, little by little, in pronuncia- 
tion a3 well as in vocabulary and grammar, whereas spelling, once established, 
paid no attention to these changes. Other causes entered into play which 
helped gradually to take from the spelling of certain languages the symbol of 
graphic representation of sounds they originally possessed. One of these causes, 
and perhaps the most potent, was the pedantry which introduced into the 
writing of many words so-called etymological letters which were not pronounced. 
These contradictory tendencies may be seen elsewhere as well as in French. 
Thus, to cite a single example, English spelling, which was principally phonetic 
in the sixteenth century, has now become purely conventional, the pronuncia- 
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tion having undergone since that time considerable change which the written 
form does not indicate. 


M. Paul Meyer then calls attention to the fact that “the great ob- 
stacle to the development of a spelling both logical and suited to our 
language has been the inadequaey of the Latin alphabet, which could 
not express sounds originating after the Latin period.” 


In the sixteenth century varions expedients were suggested to remedy this 
poverty of symbols. About 1530, Geoffrey Tory, a printer, introduced the use 
of the cedilla, already known among the Italians and Spaniards, to indicate 
the sibilant sound of ec; but it occurred to no one to employ a similar deviee to 
distinguish the two sounds of g. Geoffrey Tory also used the accent aigu (’), 
but without giving it exactly the value it has to-day; he made use of it solely 
to distinguish the e pronounced from the e mute. The accent grave, which 
distinguished the open e¢ from the closed, was not introduced until much Jater. 
In 1562 Ramus succeeded in havi ing the distinctions between 7 and j, between 
u and v, pass into common nse. 


He shows clearly that Freneh spelling has suffered from some of 
the same unfortunate influences which have reduced English spelling 
to its lamentable condition: 


In spite of its lack of uniformity, written French had had until then a 
phonetie tendency. Unfortunately, there was an antagonistic movement under 
the influence of humanism, which introduced into the notation of speech certain 
silent letters to indicate the derivation of words: they wrote auitre, advocat, 
doigt, droict, faict, poids, scavoir, soubs, subject, etc., in order to make the true 
or supposed etymology of these words visible. This was absurd; there was no 
need to put an J in autre to represent that in the Latin alter, which was already 
shown by the wu (altre, autre). These ‘superfluities,’ so called by the Abbé 
d’Olivet, editor-in-ehief of the third edition of the ‘ Dictionaire de )’Académie’ 
(1740), in a great many cases, but not in all, have been expunged from the 
language. 


Similar superfluities abound in English still, and they are still 
defended by arguments like those contained in the preface to the first 
dictionary of the French Academy (169+). “The Academy adheres 
te the old spellings accepted among men of Ictters, beeause they aid 
in showing ihe origin of the words. That is why the academy believes 
that it ought not to authorize the abridgments which certain individuals, 
chiefly printers, have made, because these omissions destroy every 
vestige of the analogy and relation between words that are derived 
from Latin, or from any other language. Thus the words corps and 
temps are given with a p, and the words teste, honneste with an s, to 
indicate that they come from the Latin tempus, corpus, testa, honestus.” 
As M. Meyer asks, “ What value can be given to a spelling founded on 
such fluctuating prineiples?” And he quotes Gaston Paris as saying 
that “the academy, deceived by superficial data, thought it was fur- 
thering scientifie accuracy by adopting traditional spelling; in reality 
they followed routine and added to confusion.” M. Meyer declares 
that “ what should have been done, had the academy understood its 
mission, would have been to follow methodically the path taken, in- 
stinctively and without purpose, by the writers of the middle ages; 
a gradual modification of the system of representing sounds was neces- 
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sary to preserve the connection between spoken and written language. 
Pronunciation, like vocabulary, alters, insensibly from generation to 
generation; the written words ought to reeord each change as it occurs.” 

Asserting that it is impossible now to inaugurate suddenly a com- 
plete series of changes which might readily have been adopted had they 
been introduced gradually as need arose, M. Meyer tells us that his 
committee retained existing conventions in so far as they are not in 
conflict with other conventions no less worthy of consideration, and it 
denied any wish to establish a phonetic system of spelling. It limited 
its work to the correetion of the most striking irregularities of the 
present spelling of French. Here again the attitude of this commis- 
sion of French scholars is seen to be in absolute aecord with that taken 
in America by the Simplified Spelling Board. And the reasons given 
for action are also almost identical: 


1. The esthetic argument: Our spelling is irregular, and gives the language 
an ugly irregular look. 

2. The argument for preservation: It is important to maintain our cus- 
tomary pronunciation upon which the irregularities of our spelling react. 

3. The practical argument: These same irregularities make the study of 
spelling needlessly difficult. 


With the contention that certain useless silent letters ought to be 
retained, because they reveal the derivation, M. Meyer has the impa- 
tience of a scholar; and he points out how the existence of these need- 
less letters is dangerous to accuracy of pronunciation : 


We write prompt, promptitude, dompter (although there was no p in the 
Latin domitare), indomptable, The Aeademy says plainly that in the words 
indomptable and prompt the p is silent. Nevertheless, we hear constantly the 
pronuneiation dompter, promptitude, because the sehool masters who teach 
French to children, not having the Aeademy dietionary always at hand, are 
naturally inclined to pronounce words as they are written. The same cause of 
error exists in other languages. In English the g in recognize is pronounced, 
but formerly it was not even written; the g is a pedantie addition which has 
ended by making its way into the spoken usage. Fault and author are pro- 
nouneed as they are written; formerly they were both written and pronounced 
faut and autor. 

Littré noticed how intimately pronuneiation was allied to spelling. They 
are two forces, he says, which reaet continually upon each other. When there 
is no extensive teaching of grammar, and the language is learned orally rather 
than by the eye, then pronunciation modifies spelling, which follows it elosely. 
When, on the contrary, books play a large part in teaching the mother tongue, 
spelling influenees pronuneiation: the tendency is to pronounee all the letters, 
and traditional pronunciation sueeumbs in many places to the visible symbols. 
There are to-day frequent examples of this. 


As might be expected, French teachers find the same fault with 
their illogical spelling that teachers of English find with ours, which 
is actually far more illogical than theirs and far more irregular. 
M. Meyer raises their objections with much sympathy: 


Although it is to be regretted that children must make such prolonged 
efforts to learn to write in conformity with obsolete rules a language which 
they often speak very correctly otherwise, still the misfortune would not be 
without some compensation if these efforts contributed to the development of 
their reasoning powers; but they do not. Learning spelling is above all a 
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matter of memory, especially of the visual memory. Reasoning has nothing to 
do with it, for there is no reason why apporter should be written with two p’s, 
while apercevoir and apaiser should have but one; or why the plural of ehou 
and six other words should be formed with an a, while all other words termi- 
nating in ow take s, following the ordinary usage. On the other hand, the 
acquisition of a logical spelling would bring the reasoning powers into play 
far more than the memory. 


But the most forcible passages in M. Meyer’s own plea for simpli- 
fication are in response to the various arguments urged in behalf of 
the existing orthographic confusion: 


The objections advanced by the public to all modification of spelling may 
be grouped under four heads: 

1. Every change in spelling distresses us. We dislike to alter our habits. 
Books printed in a new spelling are distasteful to us. Besides, we have had 
enough trouble to learn the current spelling; why should we be obliged to 
learn another? 

2. Words in their very form and independently of their sound, have an 
esthetic beauty, which would be lost as soon as the appearance was modified. 

3. The proposed changes would result, in many cases, in causing all trace 
of the etymology to disappear. We love the g of doigt, which reminds us of 
the Latin digitus; the p of temps, behind which we can see the Latin tempus; 
and physique written fisique seems barbarous to us. Turther, these changes 
would obscure the derivation of words of the same family. 

4. These same changes will lead to lamentable confusion, since we shall no 
longer be able to distinguish corps (a body) written without p from cors (a 
corn). 

It is apropos of arguments of this kind that a great English linguist, A. ,J. 
Ellis, said: “ These are very sweeping assertions, and those who have given 
serious attention to the subject for many years feel astonished that any person 
ot ordinary intelligence and linguistic attainments could commit himself to 
such statements.” 

1. Let us take up these feeble arguments one by one. We shall not at- 
tempt to dispute the fact that any suddenly introduced innovation shocks us. 
When the fashion of crinolines came in during the Second Empire it seemed at 
first utterly ridiculous. But people became accustomed to it; the reason it 
disappeared was not that people disliked it, but because the fashionable dress- 
makers had to have new styles. It will be somewhat similar with the altera- 
tions in spelling that we propose. Assuredly, they will arouse a more general 
feeling of instinctive and inexplicable opposition than they would have a 
hundred years ago, for the number of people who know spelling, or at least 
who have studied it, is infinitely greater than formerly. The changes intro- 
duced by the third edition of the academic dictionary do not seem to have been 
combatted; those which we are proposing would scarcely have met with objec- 
tions had they been brought to the attention of the revisers of the sixth edition 
(1835). But the longer we wait the more difficult it will be both to repair 
the harm done to the language by the bad spelling in vogue to-day, and to 
overcome the repugnance to any change. . . . It is inconceivable that, out of 
respect for opinions which are only prejudices, children and foreigners should 
be forever condemned to commit to memory compHeated and contradictory 
rules whose only result is to pervert the reasoning faculty. Life is too short 
to waste a part of it in such absurdities. Besides, the transition will be made 
in a very simple way which will spare the prejudices of the present genera- 
tion. . . . When we have to write a book, a memorandum, simply a letter, it 
is quite certain that we shall not stop at every word to ascertain how it 
ought to be written, according to the new spelling. In this matter changes 
can not be imposed by law or by decree, like those regulating public accounts. 
But although tne generation that has reached maturity will continue to follow 
the usage with whieh it is familiar from childhood, the younger generation and 
foreigners who have not unalterable habits will learn the new spelling and 
spare themselves useless Jabor. Proof-readers, with the help of a_ printer’s 
dictionary, will conform to it... . Thus the change will take place in the 
course of a generation, without wounding the deep-rooted sentiments of any one. 

2. The second objection may be dealt with briefly. It consists in saying 
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that the way in which words are written evokes an idea of beanty which these 
same words would lose if they were written otherwise. The people who have 
this feeling, which is very difficult to analyze, are stylists, caring more for 
form than for substance, more for words than for ideas; more for the appear- 
ance than for the words themselves. Possibly these same people suppose spell- 
ing to be immutable in its nature and fixed by law; the exclusive use of recent 
editions has left them in ignorance of the fact that many of these very words, 
admirable in their present form, were written differently by the great writers 
of the sixteenth and seventeenth centuries. It would be interesting to know 
if these words as they were written in the manuscripts of these anthors would 
be as beautiful or less beautiful. 

3. The objection which maintains that the proposed changes will lessen the 
etymological value of words, has only an appearance of weight. It is the 
opinion of those people who wish to exhibit their youthful studies. Such an 
arguinent never has been and never will be advanced by a philologist. To 
begin with, Jet us bear in mind, among other points, that these etymological 
traces interest only the smaJl number of those who have studied Greek and 
Latin, and that it is not quite fair to overload spelling with useless letters, 
merely for the satisfaetion of a few students of etymology. In former times 
this was all very well when only a small minority knew how to read and write. 
But to-day spelling is intended for every one. 

4. The objection which maintains that different words written alike will be 
mistaken for one another is so childish that I hesitate to make a serious refuta- 
tion. Certainly there are those who insist that we shall no longer understand 
each other if we write poids (weight) like pois (a vegetable). It is always 
easy to make puns; but the writers, had they spent a moment’s reflection on 
the subject upon which they give their opinions so freely, would have observed 
that the French language in its present spelling contains a large number of 
these homonyms, which are essentially different even though similar in pro- 
nunciation and spelling. But these homonyms have never been considered a 
cause for obscurity. Are there human beings so devoid of sense as to confuse 
the poids (weight) with the pois (sweet peas), or petits-pois (green peas) 
when the d is omitted from the former? Possibly; but theirs is a case for the 
expert in mental pathology. ... 

To sum up: it will not be disputed that our orthography is an incoherent 
mixture of spellings belonging to different epochs, often modeled on conflicting 
systems. Is it actually possible to reform spelling so as to make it absolutely 
logical? The committee whose conclusions I have reviewed thinks not, be- 
lieving that so extended a reform would necessitate a complete revision for 
which the time is not ripe. But we can at least eliminate from our customary 
spelling the most hideous anomaties, and, in a word, simplify it. To accom- 
phish this all that is necessary in many cases is to reestablish the old forms, 
unfortunately altered at the time of the Renaissance, notwithstanding objec- 
tions from many thoughtful men of that period. In adopting this course we 
are not revolutionizing the language, as our opponents constantly allege, per- 
petually confusing language with spelling. We do not even propose radical 
changes in spelling, and are accepting all its conventions, even when these are 
not entirely satisfactory. We revert to the true history of the language, lost 
at many points by ill-chosen innovations. Ours is really a work of preserva- 
tion. I have shown that not a single objection advanced has any weight. One 
thing is in our way—habit; that we shall overcome. 


In the more formal report to which his own incisive essay is pre- 
fixed M. Meyer is able to deal with other aspects of the case. He 
sees that the prospect of successive reforms in spelling will perhaps 
alarm those aceustomed to consider the manner of writing a language 
as subject to fixed and immutable rules: 


But since it is impossible to hinder the progress of an idiom, and since it 
is as impossible to establish its pronuneiation forever as to exclude it from the 
vocabulary, it must be admitted that spelling is not a permanent and unchange- 
able institution—that, on the contrary, from one time to another, it must 
undergo modifications in order to remain in aecord with pronunciation. How- 
ever, even a superficial acquaintance with the history of our language is suffi- 
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cient to convince one that there is nothing less unalterable than our spelling. 
Without going back to early times, when writing was subject to no fixed rule, 
when each one expressed sounds according to his own pronunciation and fol- 
lowing exceedingly vague methods—simply taking as the starting point the 
first edition of the dictionaire of the French Academy (1694), it is noticeable 
that each new edition of this dictionary has changed the spelling of numerous 
words. The third edition (1740), of which the Abbé d’Olivet was the editor- 
in-chief, altered the spelling of about 5,000 words out of 18,000 included in the 
dictionary. The fourth (1762), the sixth (1835), the seventh (1878), have 
continued, withiu narrower limits, it is true, to modify the spelling. But many 
of these changes so introduced at different periods, most of which merit ap- 
proval, have the fault of having been proposed without regard for the whole, 
and without any certain method. In some words silent letters were eliminated, 
while in certain others they were allowed to remain. At times, even, by a 
retrogression, the spelling which had been simplified was again complicated. 


The French are a logical race and they haye not frightened at a 
theory as easily as the two peoples who speak English. And, therefore, 
the report of the French commission reveals the fact that they are 
looking further into the future than any English-speaking committee 
would dare to do while retaining the hope of ever achieving any prac- 
tical result. The French commission ventures to hint at more radical 
reforms than have entered the minds of our own Simplified Spelling 
Board. Yet these final suggestions of theirs are as significant of the 
trend of scientific opinion as they are interesting in themselves: 


These are the changes we propose, and which we hope will not be deemed 
excessive. The committee is not at all insensible to the objections which may 
be advanced against its work. The chief one is that the proposed alterations 
are not the result of a system of spelling logically devised, all of whose ele- 
ments are rigorously coordinated. But it was not the busiuess of the com- 
mittee to create a new system of spelling; they were simply authorized to 
remove as far as possible the anomalies which complicate our spelling and 
render the study of it so difficult for children and foreigners. The committee 
has had, therefore, to use as a basis the present system of spelling, which 
represents a bygone condition of the language—and to restrict itself to regu- 
lating this system. They themselves admit that they have not even succeeded 
fully in this modest attempt. 1n the cases where a rational and uniform 
notation could not be obtained except by creating new conventional spellings, 
or at the price of too numerous changes, they refrained, leaving the present 
spelling intact in spite of its defects, But their self-imposed restraint does not 
bar subsequent changes. They foresee in the future reforms more general than 
those they endeavored to prepare by partial changes. Many of the members 
have even expressed the hope which ought to be recorded here, that some day 
a new committee composed not only of grammarians but also of phonetic 
experts may be set to work to develop a system of spelling better adapted than 
ours to the present state of the language, and sufficiently elastic to follow it 
through its inevitable changes. 

But from now on, important advantages will be secured if the moderate 
propositions of the committee are accepted. At any rate, the teaching of the 
language will be greatly facilitated; the number of exceptions that the pupils 
must learn will be noticeably diminished. Our language will be more easily 
acquired by foreigners. Finally, by the suppression of inconsistent and obscure 
forms which make the real pronounciation doubtful, it will be made possible 
to teach in our schools, that greatly neglected subject, orthoepy. This teaching 
alone is able to prevent errors in pronunciation which, individual at first, finish 
by becoming general. 
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THE VALUE OF SCIENCE 


By M. H. POINCARE 


MEMBER OF THE INSTITUTE OF FRANCE 


5. The Notion of Displacement 

| HAVE shown in ‘ Seience and Hypothesis’ the preponderant role 

played by the movements of our body in the genesis of the notion 
of space. For a being completely immovable there would be neither 
space nor geometry; in vain would exterior objects be displaced about 
him, the variations which these displacements would make in his im- 
pressions would not be attributed by this being to changes of position, 
but to simple changes of state; this being would have no means of 
distinguishing these two sorts of changes, and this distinction, funda- 
mental for us, would have no meaning for him. 

The movements that we impress upon our members have as effect 
the varying of the impressions produced on our senses by external 
objects; other causes may hkewise make them vary; but we are led to 
distinguish the changes produced by our own motions and we easily 
discriminate them for two reasons: (1) because they are voluntary; 
(2) because they are accompanied by muscular sensations. 

So we naturally divide the changes that our impressions may under- 
go into two categories to which perhaps I have given an inappropriate 
designation: (1) the internal changes, which are voluntary and accom- 
panied by muscular sensations; (2) the external changes, having the 
opposite characteristics. 

We then observe that among the external changes are some which 
can be corrected, thanks to an internal change which brings everything 
back to the primitive state; others can not be corrected in this way 
(it is thus that when an exterior object is displaced, we may then by 
changing our own position replace ourselves as regards this object in 
the same relative position as before, so as to reestablish the original 
aggregate of impressions; if this object was not displaced, but changed 
its state, that is impossible). Thence comes a new distinction among 
external changes: those which may be so corrected we call changes of 
position ; and the others, changes of state. 

Think, for example, of a sphere with one hemisphere blue and the 
other red; it first presents to us the blue hemisphere, then it so revolves 
as to present the red hemisphere. Now think of a spherical vase con- 
taining a blue liquid which becomes red in consequence of a chemical 
reaction. In both cases the sensation of red has replaced that of blue; 
our senses have experienced the same impressions which have succeeded 
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each other in the same order, and yet these two changes are regarded 
by us as very different; the first is a displacement, the second a change 
of state. Why? Because in the first case it is sufficient for me to go 
around the sphere to place myself opposite the red hemisphere and 
reestablish the original red sensation. 

Still more; if the two hemispheres, in place of being red and blue, 
had been yellow and green, how should I have interpreted the revolu- 
tion of the sphere? Before, the red succeeded the blue, now the green 
succeeds the yellow; and yet I say that the two spheres have undergone 
the same revolution, that each has turned about its axis; yet I can not 
say that the green is to yellow as the red is to blue; how then am I led 
to decide that the two spheres have undergone the same displacement ? 
Evidently beeause, in one case as in the other, I am able to reestablish 
the original sensation by going around the sphere, by making the same 
movements, and I know that I have made the same movements because 
I have felt the same muscular sensations; to know it, I do not need, 
therefore, to know geometry in advance and to represent to myself the 
movements of my body in geometric space. 

Another example: An object is displaced before my eye; its image 
was first formed at the center of the retina; then it is formed at the 
border; the old sensation was carried to me by a nerve fiber ending at 
the center of the retina; the new sensation is earried to me by another 
nerve fiber starting from the border of the retina; these two sensations 
are qualitatively different; otherwise, how could I distinguish them? 

Why then am I led to decide that these two sensations, qualitatively 
different, represent the same image, which has been displaced? It is 
because I can follow the object with the eye and by a displacement of 
the eye, voluntary and accompanied by muscular sensations, bring back 
the image to the center of the retina and reestablish the primitive 
sensation. 

I suppose that the image of a red object has gone from the center 
A to the border B of the retina, then that the image of a blue object 
goes in its turn from the center A to the border B of the retina; I 
shall decide that these two objects have undergone the same displace- 
ment. Why? Because in both cases I shall have been able to rees- 
tablish the primitive sensation, and that to do it I shall have had to 
execute the same movement of the eye, and I shall know that my eye 
has executed the same movement because I shall have felt the same 
muscular sensations. 

If I could not move my eye, should I have any reason to suppose 
that the sensation of red at the center of the retina is to the sensation 
of red at the border of the retina as that of blue at the center is to 
that of blue at the border? JI should only have four sensations quali- 
tatively different, and if I were asked if they are connected by the pro- 
portion I have just stated, the question would seem to me ridiculous, 
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just as if I were asked if there is an analogous proportion between an 
auditory sensation, a tactile sensation and an olfactory sensation. 

Let us now consider the internal changes, that is, those which are 
produced by the voluntary movements of our body and which are 
accompanied by museular changes. They give rise to the two follow- 
ing observations, analogous to those we have just made on the subject 
of external changes. 

1. I may suppose that my body has moved from one point to an- 
other but that the same attitude is retained; all the parts of the body 
have therefore retained or resumed the same relative situation, al- 
though their absolute situation in space may have varied. I may sup- 
pose that not only has the position of my body changed, but that its 
attitude is no longer the same, that, for instance, my arms which before 
were folded are now stretched out. 

I should therefore distinguish the simple changes of position with- 
out change of attitude, and the changes of attitude. Both would ap- 
pear to me under form of muscular sensations. How then am I led 
to distinguish them? It is that the first may serve to correct an 
external change, and that the others can not, or at least can only give 
an imperfect correction. 

This faet I proceed to explain as I would explain it to some one 
who already knew geometry, but it need not thence be concluded that 
it is necessary already to know geometry to make this distinetion ; 
before knowing geometry I ascertain the fact (experimentally, so to 
speak), without being able to explain it. But merely to make the dis- 
tinction between the two kinds of change, I do not need to explain the 
fact, 1t suffices me fo ascertain it. 

However that may be, the explanation is easy. Suppose that an 
exterior object is displaced; if we wish the different parts of our 
body to resume with regard to this object their initial relative position, 
it is necessary that these different parts should have resumed likewise 
their initial relative position with regard to one another. Only the 
internal changes which satisfy this latter condition will be capable of 
correcting the external change produced by the displacement of that 
object. If, therefore, the relative position of my eye with regard to 
my finger has changed, I shall still be able to replace the eye in its 
initial relative situation with regard to the object and reestablish thus 
the primitive visnal sensations, but then the relative position of the 
finger with regard to the object will have changed and the tactile sen- 
sations will not be reestablished. 

2. We ascertain hkewise that the same external change may be cor- 
rected by two internal changes eorresponding to different muscular 
sensations. Here again I can ascertain this without knowing geom- 
etry: and I have no need of anything else; but I proceed to give the 
explanation of the fact employing geometrical language. To go from 
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the position A to the position B I may take several routes. To the 
first of these routes will correspond a series S of muscular sensations ; 
to a second route will correspond another series S” of muscular sensa- 
tions which generally will be completely different, since other muscles 
will be used. 

How am I led to regard these two series S and S” as corresponding 
to the same displacement AB? It is because these two series are 
capable of correcting the same external change. Apart from that, 
they have nothing in common. 

Let us now consider two external changes: a and 8, which shall be, 
for instance, the rotation of a sphere half blue, half red, and that of a 
sphere half yellow, half green; these two changes have nothing in 
common, since the one is for us the passing of blue into red and the 
other the passing of yellow into green. Consider, on the other hand, 
two series of internal changes S and 8”; like the others, they will have 
nothing in common. And yet I say that a and B correspond to the 
same displacement, and that S and S” correspond also to the same dis- 
placement. Why? Simply because S can correct B as well as a and 
because a can be corrected by 8S” as well as by S. And then a question 
suggests itself: If I have ascertained that S corrects a and 8 and that 
S” corrects a, am I certain that 8” likewise corrects 8B? Experiment 
alone can teach us whether this law is verified. If it were not verified, 
at least approximately, there would be no geometry, there would be no 
space, because we should have no more interest in classifying the in- 
ternal and external changes as I have just done, and, for instance, in 
distinguishing changes of state from changes of position. 

It is interesting to see what has been the réle of experience in all 
this. It has shown me that a certain law is approximately verified. 
It has not told me wherefore space is, and that it satisfies the condition 
in question. I knew in fact, before all experience, that space satisfied 
this condition or that it would not be; nor have I any right to say that 
experience told me that geometry is possible; I very well see that 
geometry is possible, since it does not imply contradiction; experience 
only tells me that geometry is useful. 


6. Visual Space 

Although motor impressions have had, as I have just explained, an 
altogether preponderant influence in the genesis of the notion of space, 
which never would have taken birth without them, it will not be 
without interest to examine also the réle of visual impressions and to 
investigate how many dimensions ‘ visual space’ has, and for that 
purpose to apply to these impressions the definition of § 3. 

A first difficulty presents itself: consider a red color sensation 
affecting a certain point of the retina; and on the other hand a blue 
color sensation affecting the same point of the retina. It is necessary 
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that we have some means of recognizing that these two sensations, 
qualitatively different, have something in common. Now, according 
to the considerations expounded in the preceding paragraph, we have 
been able to recognize this only by the movements of the eye and the 
observations to which they have given rise. If the eye were immovable, 
or if we were unconscious of its movements, we should not have been 
able to recognize that these two sensations, of different quality, had 
something in common; we should not have been able to disengage from 
them what gives them a geometric character. The visual sensations, 
without the muscular sensations, would have nothing geometric, so that 
it may be said there is no pure visual space. 

To do away with this difficulty, consider only sensations of the 
same nature, red sensations for instance, differing one from another 
only as regards the point of the retina that they affect. It is clear 
that I have no reason for making such an arbitrary choice among all 
the possible visual sensations, for the purpose of uniting in the same 
class all the sensations of the same color, whatever may be the point 
of the retina affected. JI should never have dreamt of it, had I not 
before learned, by the means we have just seen, to distinguish changes 
of state from changes of position, that is, if my eye were immovable. 
Two sensations of the same color affecting two different parts of the 
retina would have appeared to me as qualitatively distinct, just as two 
sensations of different color. 

In restricting myself to red sensations, I therefore impose upon 
myself an artificial limitation and I neglect systematically one whole 
side of the question; but it is only by this artifice that I am able to 
analyze visual space without mingling any motor sensation. 

Imagine a line traced on the retina and dividing in two its surface ; 
and set apart the red sensations affecting a point of this line, or those 
differing from them too little to be distinguished from them. The 
aggregate of these sensations will form a sort of cut that I shall call C, 
and it is clear that this cut suffices to divide the manifold of possible 
red sensations, and that if I take two red sensations affecting two points 
situated on one side and the other of the line, I can not pass from one 
of these sensations to the other in a continuous way without passing 
at a certain moment through a sensation belonging to the cut. 

If, therefore, the cut has n dimensions, the total manifold of my 
red sensations, or, if you wish, the whole visual space, will have n + 1. 

Now, I distinguish the red sensations affecting a point of the cut C. 
The assemblage of these sensations will form a new cut C’. It is clear 
that this will divide the cut C, always giving to the word divide the 
saine meaning. 

If, therefore, the eut C’ has n dimensions, the eut C will have 
n+ 1 and the whole of visual space n + 2. 

If all the red sensations affecting the same point of the retina were 
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regarded as identical, the cut C’ reducing to a single element would 
have 0 dimension, and visual space would have 2. 

And yet most often it is said that the eye gives us the sense of a 
third dimension, and enables us in a certain measure to recognize the 
distance of objects. When we seek to analyze this feeling, we ascer- 
tain that it reduces either to the consciousness of the convergence of 
the eyes, or to that of the effort of accommodation which the ciliary 
muscle makes to focus the image. 

Two red sensations affecting the same point of the retina will 
therefore be regarded as identical only if they are accompanied by the 
same sensation of convergence and also by the same sensation of effort 
of accommodation or at least by sensations of convergence and accom- 
modation so shghtly different as to be indistinguishable. 

On this account the cut C’ is itself a continuum and the cut C has 
more than one dimension. 

But it happens precisely that experience teaches us that when two 
visual sensations are accompanied by the same sensation of con- 
vergence, they are likewise accompanied by the same sensation of 
accommodation. If then we form a new cut C” with all those of the 
sensations of the cut C’, which are accompanied by a certain sensation 
of convergence, in accordance with the preceding law they will all be 
indistinguishable and may be regarded as identical. Therefore C” 
will not be a continuum and will have 0 dimension; and as C” divides 
C’ it will thence result that CO’ has one, C two and the whole visual 
space three dimenstons. 

But would it be the same if experience had taught us the contrary 
and if a certain sensation of convergence were not always accompanied 
by the same sensation of accommodation? In this case two sensations 
affecting the same point of the retina and accompanied by the same 
sense of convergence, two sensations which consequently would both 
appertain to the cut C” could nevertheless be distinguished since they 
would be accompanied by two different sensations of accommodation. 
Therefore C’” would be in its turh a continnum and would have one 
dimension (at least) ; then C’ would have two, C three and the whole 
visual space would have four dimensions. 

Will it then be said that it is experience which teaches us that space 
has three dimensions, since it is in setting out from an experimental 
law that we have come to attribute three to it? But we have therein 
performed, so to speak, only an experiment in physiology; and as also 
it would suflice to fit over the eyes glasses of suitable construction to 
put an end to the accord between the feelings of convergence and of 
accommodation, are we to say that putting on spectacles is enough to 
make space have four dimensions and that the optician who constructed 
them has given one more dimension to space? Evidently not; all we 
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can say is that experience has taught us that it 1s convenient to at- 
tribute three dimensions to space. 

But visual space is only one part of space, and in even the notion 
of this space there is something artificial, as I have explained at the 
beginning. ‘The real space is motor space and this it is that we shall 
examine in the following chapter. 


Crapter ITV. Space AND ITs THREE DIMENSIONS 


$1. The Group of Displacements 

Let us sum up briefly the results obtained. We proposed to in- 
vestigate what was meant in saying that space has three dimensions 
and we have asked first what is a physical continuum and when it 
may be said to have w dimensions. If we consider different systems 
of impressions and compare them with one another, we often recognize 
that two of these systems of impressions are indistinguishable (which 
is ordinarily expressed in saying that they are too close to one another, 
and that our senses are too crude, for us to distinguish them) and we 
ascertain besides that two of these systems can sometimes be discrimi- 
nated from one another though indistinguishable from a third system. 
In that case we say the manifold of these systems of impressions forms 
a physical continuum C. And each of these systems is called an 
element of the continuum C. 

How many dimensions has this continuum? Take first two ele- 
ments A and B of C, and suppose there exists a series = of elements, 
all belonging to the continuum C, of such a sort that A and BP are the 
two extreme terms of this series and that each term of the series is 
indistinguishable from the preceding. If such a series % can be found, 
we say that A and B are joined to one another; and if any two elements 
of C are joined to one another, we say that C is all of one piece. 

Now take on the continuum C' a certain number of elements in a 
way altogether arbitrary. The aggregate of these elements will be 
called a cut. Among the various series X which join A to 5, we shall 
distinguish those of which an element is indistinguishable from one of 
the elements of the cut (we shall say that these are they which cut the 
cut) and those of which all the clements are distinguishable from all 
those of the cut. If all the scries S which join A to B cut the cut, we 
shall say that A and B are separated by the cut, and that the cut 
divides C. If we can not find on C two elements which are separated 
by the cut, we shall say that the cut does not divide C. 

These definitions laid down, if the continuum C' can be divided by 
euts which do not themselves form a continuum, this continuum C has 
only one dimension; in the contrary case it has several. If a cut form- 
ing a continuum of 1 dimension suffices to divide C, C will have 2 
dimensions; if a cut forming a continuum of 2 dimensions suffices, C 
will have 3 dimensions, ete. ‘Thanks to these definitions, we can always 
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recognize how many dimensions any physical continuum has. It only 
remains to find a physical continuum which is, so to speak, equivalent 
to space, of such a sort that to every point of space corresponds an 
clement of this continuum, and that to points of space very near one 
another correspond indistinguishable elements. Space will have then 
as many dimensions as this continuum. 

The intermediation of this physical continuum, capable of repre- 
sentation, is indispensable; because we can not represent space to our- 
selves, and that for a multitude of reasons. Space is a mathematical 
continuum, it is infinite, and we can represent to ourselves only physical 
continua and finite objects. The different elements of space, which we 
call points, are all alike, and, to apply our definition, it is necessary 
that we know how to distinguish the elements from one another, at 
least if they are not too close. Finally absolute space is nonsense, and 
it is necessary for us to begin by referring space to a system of axes 
invariably bound to our body (which we must always suppose put 
back in the initial attitude). 

Then I have sought to form with our visual sensations a physical 
continuum equivalent to space; that certainly is easy and this example 
is particularly appropriate for the discussion of the number of dimen- 
sions; this discussion has enabled us to see in what measure it is 
allowable to say that ‘ visual space’ has three dimensions. Only this 
solution is incomplete and artificial. I have explained why, and it is 
not on visual space, but on motor space that it is necessary to bring 
our efforts to bear. I have then recalled what is the origin of the 
distinction we make between changes of position and changes of state. 
Among the changes which occur in our impressions, we distinguish, 
first the internal changes, voluntary and accompanied by muscular 
sensations, and the external changes, having opposite characteristics. 
We ascertain that it may happen that an external change may be cor- 
rected )y an internal change which reestablishes the primitive sensa- 
tions. The external changes capable of being corrected by an internal 
change are called changes of position, those not capable of it are called 
changes of state. The internal changes capable of correcting an 
external change are called displacements of the whole body; the others 
are called changes of attitude. 

Now let a@ and B be two external changes, a’ and fp’ two internal 
changes. Suppose that a may be corrected either by a’ or by #’, and 
that a’ can correct either a or £3; experience tells us then that @’ can 
likewise correct 8. In this case we say that a and £ correspond to the 
same displacement and also that a’ and f’ correspond to the sane dis- 
placement. ‘That postulated, we ean imagine a physical continuum 
which we shall eall the continuum or group of displacements and which 
we shall define in the following manner. The elements of this con- 
tinuum shall be the internal changes capable of correcting an external 
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change. ‘Two of these internal changes a’ and f’ shall be regarded as 
indistinguishable: (1) if they are so naturally, that is, if they are too 
elose to one another; (2) if a’ is eapable of correcting the same ex- 
ternal change as a third internal change naturally indistinguishable from 
B’. In this second case, they will be, so to speak, indistinguishable by 
convention, I mean by agreeing to disregard circumstances which might 
distinguish them. 

Our continuum is now entirely defined, since we know its elements 
and have fixed under what conditions they may be regarded as indis- 
tinguishable. We thus have all that is necessary to apply our defini- 
tion and determine how many dimensions this econtinnum has. We 
shall reeognize that it has six. The continuum of displacements is, 
therefore, not equivalent to space, since the number of dimensions is 
not the same; it is only related to space. Now how do we know that 
this continuum of displacements has six dimensions? We know it by 
experience. 

It would be easy to describe the experiments by which we could 
arrive at this result. It would be seen that in this continunm cuts 
can be made which divide it and which are continua: that these cuts 
themselves can be divided by other cuts of the second order which yet 
are continua, and that this would stop only after cuts of the sixth 
order which would no longer be continua. From our definitions that 
would mean that the group of displacements has six dimensions. 

That would be easy, I have said, but that would be rather long; 
and would it not be a little superficial? This group of displacements, 
we have scen, is related to space. and space could be deduced from it, 
but it is not eqnivalent to space, since it has not the same number of 
dimensions; and when we shall have shown how the notion of this 
continnum can be formed and how that of space may be deduced from 
it, it might always he asked why space of three dimensions is much 
more familiar to us than this continuum of six dimensions, and con- 
sequently doubted whether it was by this detour that the notion of space 
was formed in the human mind. 


$2. Fdentity of Two Points 

What is a point? How do we know whether two points of space 
are identical or different? Or, in other words, when I say: The object 
A oceupied at the instant a the point which the object B occupies at 
the instant 8B, what does that mean? 

Such is the problem we set ourselves in the preceding chapter, § 4. 
As I have explained it, it is not a question of comparing the positions 
of the objects A and B in absolute space: the question then would 
manifestly have no meaning. It is a question of comparing the posi- 
tions of these two objects with regard to axes invariably bound to my 
body, supposing always this body replaced in the same attitude. 
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I suppose that between the instants a and B I have moved neither 
my body nor my eye, as I know from my muscular sense. Nor have 
I moved either my head, my arm or my hand. I ascertain that at the 
instant a impressions that I attributed to the object A were trans- 
mitted to me, some by one of the fibers of my optic nerve, the others 
by one of the sensitive tactile nerves of my finger; I ascertain that at 
the instant @ other impressions which I attribute to the object B are 
transmitted to me, some by this same fiber of the optic nerve, the others 
by this same tactile nerve. 

Here I must pause for an explanation; how am I told that this 
impression which I attribute to A, and that which I attribute to B, 
impressions which are qualitatively different, are transmitted to me 
by the same nerve? Must we suppose, to take for example the visual 
sensations, that A produces two simultaneous sensations, a sensation 
purely luminous a and a colored sensation a’, that B produces in the 
same way simultaneously a luminous sensation b and a colored sensa- 
tion b’, that if these different sensations are transmitted to me by the 
same retinal fiber, @ is identical with b, but that in general the colored 
sensations a’ and b’ produced by different bodies are different? In 
that case it would be the identity of the sensation a which accompanies 
a’ with the sensation 6 which accompanies b’, which would tell that all 
these sensations are transmitted to me by the same fiber. 

However it may be with this hypothesis and although I am led to 
prefer to it others considerably more complicated, it is certain that 
we are told in some way that there is something in common between 
these sensations a+ a’ and b +b’, without which we should have no 
means of recognizing that the object B has taken the place of the 
object A. 

Therefore I do not further insist and I recall the hypothesis I have 
just made: I suppose that I have ascertained that the impressions 
which I attribute to B are transmitted to me at the instant B by the 
same fibers, optic as well as tactile, which, at the instant a, had trans- 
mitted to me the impressions that I attributed to A. If it is so, we 
shall not hesitate to declare that the point occupied by B at the instant 
8 is identical with the point oceupied by A at the instant a. 

I have just enunciated two conditions for these points being iden- 
tical; one is relative to sight, the other to touch. Let us consider them 
separately. The first is necessary, but is not sufficient. The second 
is at once necessary and sufficient. A person knowing geometry could 
easily explain this in the following manner: Let 0 be the point of the 
retina where is formed at the instant a the image of the body A; let 
M be the point of space oceupied at the instant a by this body A; let 
Al’ be the point of space occupied at the instant 8 by the body B. For 
this body B to form its image in 0, it is not necessary that the points 
M and M’ coincide; since vision acts at a distance, it suffices for the 
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three points 0 M MW’ to be in a straight line. This condition that the 
two objects form their image on 0 is therefore necessary, but not suffi- 
cient for the points Af and M’ to coincide. Let.now P be the point 
occupied by my finger and where it remains, since it does not budge. 
As touch does not act at a distance, if the body A touches my finger at 
the instant a, it is because MW and P coincide; if B touches my finger 
at the instant B, it is because M’ and P coincide. Therefore M/ and 
M’ coincide. Thus this condition that if A touches my finger at the 
instant a, B touches it at the instant 6, is at once necessary and suffi- 
cient for M and WM’ to coincide. 

But we who, as yet. do not know geometry can not reason thus; 
all that we can do is to ascertain experimentally that the first condition 
relative to sight may be fulfilled without the second, which is relative 
to touch, but that the second can not be fulfilled without the first. 

Suppose experience had taught us the contrary, as might well 
be; this hypothesis contains nothing absurd. Suppose, therefore, that 
we had ascertained experimentally that the condition relative to touch 
may be fulfilled without that of sight being fulfilled, and that, on the 
contrary, that of sight can not be fulfilled without that of touch being 
also. It is clear that if this were so we should conclude that it is 
touch which may be exercised at a distance, and that sight does not 
operate at a distance. 

But this is not all; up to this time I have supposed that to de- 
termine the place of an object, I have made use only of my eye and a 
single finger; but I could just as well have employed other means, for 
example, all my other fingers. 

I suppose that my first finger receives at the instant a a tactile 
impression which I attribute to the object 4. I make a series of 
movements, corresponding to a series S of muscular sensations. After 
these movements, at the instant a, my second finger receives a tactile 
impression that I attribute likewise to A. Afterwards, at the instant 
8, without my having budged, as my muscular sense tells me, this 
same second finger transmits to me anew a tactile impression which 
I attribute this time to the object B; I then make a series of move- 
ments, corresponding to a series S’ of muscular sensations. I know 
that this series S’ is the inverse of the series S and corresponds to con- 
trary movements. J know this because many previous experiences 
have shown me that if I made successively the two series of move- 
ments corresponding to S and to S$’, the primitive impressions would be 
reestablished, in other words, that the two series mutually compensate. 
That settled, should I expect that at the instant ’, when the second 
series of movements is ended, my first finger would feel a tactile im- 
pression attributable to the object B? 

To answer this question, those already knowing geometry would 
reason as follows: There are chances that the object A has not budged, 
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between the instants a and a’, nor the object B between the instants B 
and f’; assume this. At the instant a, the object A occupied a certain 
point M/ of space. Now at this instant it touched my first finger, and 
as touch does not operate at a distance, my first finger was likewise at 
the point MW. I afterward made the series S of movements and at the 
end of this series, at the instant a’, I ascertained that the object A 
touched my second finger. I thence conclude that this second finger 
was then at M, that is, that the movements S had the result of bring- 
ing the second finger to the place of the first. At the instant @ the 
object B has come in contact with my second finger: as I have not 
budged, this second finger has remained at J; therefore the object B 
has come to Mf; by hypothesis it does not budge up to the instant p’. 
But between the instants B and ~’ I have made the movements 8’; as 
these movements are the inverse of the movements S, they must have 
for effect bringing the first finger in the place of the second. At the 
instant A’ this first finger will, therefore, be at AZ; and as the object B, 
is likewise at M, this object B will touch my first finger. To the 
question put, the answer should, therefore, be yes. 

We who do not yet know geometry can not reason thus; but we 
ascertain that this anticipation is ordinarily realized ; and we can always 
explain the exceptions by saying that the object A has moved between 
the instants a and a’, or the objeet B between the instants B and Pp’. 

But could not experience have given a contrary result? Would 
this contrary result have been absurd in itself? Evidently not. What 
should we have done then if experience had given this contrary result? 
Would all geometry thus have become impossible? Not the least in 
the world. We should have contented ourselves with concluding that 
touch can operate at a distance. 

When T say, touch does not operate at a distance, but sight operates 
at a distance, this assertion has only one meaning, which js as follows: 
To recognize whether B occupies at the instant B the point occupied by 
A at the instant a, I can use a multitude of different criteria. In one 
my eve intervenes, in another my first finger, in another my second 
finger, ete. Well, it is sufficient for the criterion relative to one of 
mv fingers to he satisfied in order that all the others should he satisfied, 
but it is not sufficient that the criterion relative to the eye should be. 
This is the sense of my assertion, I content myself with affirming an 
experimental fact which is ordinarily verified. 

At the end of the preceding chapter we analyzed visual space; we 
saw that to engender this space it is necessary to bring in the retinal 
sensations, the sensation of convergence and the sensation of accom- 
modation ; that if these last two were not always in accord, visual space 
would have four dimensions in place of three; we also saw that if we 
brought in only the retinal sensations, we should obtain ‘simple visual 
space, of only two dimensions. On the other hand, consider tactile 
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space, limiting ourselves to the sensations of a single finger, that is 
in sum the assemblage of positions this finger can occupy. This tactile 
space that we shall analyze in the following section and which conse- 
quently I ask permission not to consider further for the moment, this 
tactile space, I say, has three dimensions. Why has space properly 
so called as many dimensions as tactile space and more than simple 
visual space? It is because touch does not operate at a distance, 
while vision does operate at a distance. These two assertions have 
the same meaning and we have just seen what this is. 

Now I return to a point over which I passed rapidly in order not 
to interrupt the discussion. How do we know that the impressions 
made on our retina by A at the instant a and B at the instant B are 
transmitted by the same retinal fiber, although these impressions are 
qualitatively different? I have suggested a simple hypothesis, while 
adding that other hypotheses, decidedly more complex, would seem to 
me more probably true. Here then are these hypotheses, of which I 
have already said a word. How do we know that the impressions pro- 
duced by the red object A at the instant a, and by the blue object B 
at the instant 6, if these two objects have been imaged on the same 
point of the retina, have something in common? ‘The simple hy- 
pothesis above made may be rejected and we may suppose that these 
two impressions, qualitatively different, are transmitted by two different 
though contiguous nervous fibers. What means have I then of know- 
ing that these fibers are contiguous? It is probable that we should 
have none, if the eye were immovable. It is the movements of the 
eye which have told us that there is the same relation between the 
sensation of blue at the point 1 and the sensation of blue at the point 
B of the retina as between the sensation of red at the point A and the 
sensation of red at the point B. They have shown us, in fact, that the 
same movements, corresponding to the same muscular sensations, carry 
us from the first to the second, or from the third to the fourth. I do 
not emphasize these considerations, which belong, as one sees, to the 
question of local signs raised by Lotze. 
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VESUVIUS DURING THE EARLY MIDDLE AGES 


By Dr. CHARLES R. EASTMAN 


HARVARD UNIVERSITY 


| T is certain that Vesuvins, prior to the Plinian eruption of 79 A. D., 

by far the most tragic, and one of the three most violent in Italian 
history, was regarded as an entirely extinct volcano. The details of 
this eruption, the sequence of its phenomena, and its peculiarly de- 
structive effects, are familiar to us from contemporary sources, and 
from the memorials written in large characters by the mountain itself 
over the ruined cities at its base. From the date cf this catastrophe 
onward for over fifteen hundred years, when the period of modern 
investigation begins, our knowledge of Vesuvian history depends upon 
more or less casual mention, and upon brief notices of eruptions in 
monastic chronicles. 

Owing to the scantiness of our information, little attention has been 
paid by students to the long interval separating the two most violent 
paroxysms known to have shaken the mountain. Yet, inadequate as 
the records are, their importance is of the first order. They register 
for us the dates of major disturbances, at least, extending over a period 
of sixteen centuries, and afford some means for estimating the intensity 
of volcanic action in the Naples district for a still longer period. More- 
over, they furnish data for reconstructing the probable form of the 
mountain in antiquity, and for detecting the amount of change it has 
undergone since Plinian times. Nor should it be forgotten that the 
early topographic descriptions that have come down to us offer in- 
teresting points of comparison with the present condition of the stately 
guardian of the Bay of Naples. 

Thus it appears that the original sources of information, which are 
all that need concern us in the present article, acquaint us not only 
with the actual history of Vesuvius since the first century of our era, 
bunt, taken in connection with other facts, throw a fresh coloring upon 
the accounts of the ‘burnt mountain’ that have survived from classic 
times. ‘Two of the points just enumerated will repay further inquiry: 
first, the chronology of eruptions during the early middle ages; and 
secondly, the probable form of Somma-Vesuvius in antiquity. One 
reason why a review of the chronology seems desirable is because the 
dates of medieval] eruptions are often confused, and the authorities for 
them incorrectly given, or more frequently omitted. It will be profit- 
able, therefore, to take a brief survey of the original sources, but without 
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entering into the voluminous Hterature of the Plinian disaster, which 
belongs in a separate category. Note, however, that some of the titles 
included under it are luminous for an understanding of early Somma- 
Vesuvius history, and the same may be said of Cassius Dio’s account of 
the second eruption (203 or 204), which also falls outside the period of 
our inquiry, 

The whole history of Italy under the Goths is contained in Cassio- 
corus and Procopius, although the dry compendium of Marcellinus 
Comes is not without value for the chronology of certain facts. These 
three writers are our only informants’ of the eruption that fell at the 
beginning of the dark ages, in 472, and a word or two concerning them 
may not be inapt. Magnus Aurelius Cassiodorus, a great Roman noble 
of wealth, learning and astute statesmanship, born in 480 and reputed 
to have lived nearly a century, occupies a position throughout the reign 
of Theodoric scarcely less prominent than that of the king himself, 
whose chief counsellor he was. His writings, especially the ‘ Variz,’ 
or collection of state papers, are of incalculable value for Italian his- 
tory under Gothic rule, and contain a wealth of curious detail concern- 
ing political, social and moral conditions, and general life of the 
period. In these official papers, the secretary frequently intersperses 
comments, from an obviously personal point of view, upon any subject 
that interests him, often displaying remarkable erudition. One of his 
marked tendencies is a passion for natural history, which he touches 
upon with naive ardor, yet displaying withal acute observation. Many 
a random note occurs relating to birds, beasts or fishes, as witness for 
example his excursus on the elephant, faintly suggestive of Ctesias, or 
his deseription of the * exormiston,’ identified by Dr. Theodore Gill with 
a Leptocephalus. Little wonder.is it, therefore, that we find in these 
‘Varie* (iv., 50) an interesting digression on Vesuvius, apropos of an 
eruption commonly assigned to the year 512, but which, according to 
Mommsen.? must have taken place from one i five vears earlier. The 
date of this event is accordingly best written 507/511. Allusion is also 
made to the far more severe eruption of 472, remarkable for its heavy 
discharge of ashes, carried to an enormous distance. For years after- 
ward at Constantinople a solemn fast was held on the sixth of Novem- 
ber in memory of that day when the heavens were darkened, and the 
greater part of Asia Minor was rocking with frightful earthquake 
shocks. In another letter (ii, 47) he refers to an eruption of one of 


1 Pious imagination of later days las added much fanciful embroidery to 
the accounts of this and other early eruptions, coupled with the miraculous 
intervention of Naples’ patron saint. The eurious will find entertaining read- 
ing in the various lives of St. Januarius, as, for instance, that by Girolamo, 1733. 

?¢Monumenta Germanie Historica, Auct. Antiq.,’ Vol. XII. (1894), p. 137. 
We shall refer hereinafter to the folio volumes of the ‘Scriptores’ series under 
the abbreviation VW. G. H., SS. 


560 POPULAR SCIENCE MONTHLY 


the Lipari Islands, the date of which is said to have coincided with 
Hannibal’s death, 183 B. C. 

So far Cassiodorus. In Procopius (fl. 495-565) we are confronted 
with a very different sort of personage, yet one recognized as chief 
authority for the events of the reign of Justinian. His position in 
literature is defined by Hodgkin, in his ‘Italy and her Invaders,’ in 
following terms: 


After so many generations of decline, here, at length, the intellect of Hellas 
produces a historian, who, though not equal doubtless to her greatest names, 
would certainly have been greeted by Herodotus and Thucydides as a true 
brother of their craft. Procopius has a very clear idea of how history ought 
to be written. Each of his books, on the Persian, the Vandal, and the Gothic 
wars, is a work of art, symmetrical, well proportioned, and with a distinct 
unity of subject. His style is dignified but not pompous, his narrative vivid, 
his language pure. . . . He exhibits a considerable amount of learning, but 
without pedantry: and resembles Herodotus in his eager, almost child-like 
interest in the strange customs and uncouth religions of barbarian nations. 


Such appears to be a conservative estimate of Procopius the Cesar- 
ean. He has transmitted to us a vivid pen picture of Vesuvius as 
observed by him during a four months’ sojourn at Naples in 537, at 
which time an eruption was threatened, though none actually occurred 
until nearly a century and a half thereafter. Thus it happens that the 
value of Procopius lies in his excellent topographic description (de 
Bello Gothico, u1., 4), together with hearsay accounts of the two pre- 
ceding disturbances (ibid., iii, 35). One of the features of the last 
which we gather from him is that ashes were carried as far as Tripoli. 
Lava flows are distinctly mentioned both by him and by Cassiodorus as 
an accompaniment of these eruptions, a fact often overlooked by modern 
geologists. The Byzantine historian will have further claim to our 
attention later on. 

Following close upon the fall of the Gothic kingdom came the Lom- 
bard invasion, which marks the most ill-starred period of Italian his- 
tory. But little direct and contemporary testimony to historical facts 
has come down to us from the Lombards, but as their rule approached 
its end, a native historian arose who preserves the memory of foreign 
mastery, and ranks as the most distinguished writer of this early part 
of the middle ages in Italy. This historian is Paul the Deacon 
(720-c, 787), to whom we are chiefly indebted for a history of the 
Lombards and a revision of Eutropius. Both of these writings contain 
mention of Vesuvian eruptions, and it is interesting to note that we 
find in them the earliest suggestion that the original Somma crater 
had been shattered by the Plinian catastrophe.* Paulus Diaconus, in 
his ‘ Historia Langobardorum, and the Roman ‘ Liber Pontificalis,’ a 
compilation due to many hands and extending over a number of cen- 


3“ Hist. Lang.,’ edited by Muratori, R. I. 8., Vor V., p- 59. 
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turies, are our only sources relating to the ash-eruption of 685, which 
continued *mense martio per dies aliquot.’ This is reckoned as the 
fifth in the list of recorded disturbances. 

There now ensues a period of dire poverty in Italian chronicles, and 
we hear nothing furiher of Vesuvius for nearly three hundred years. 
Then are found meager and incidental notices of two eruptions, during 
the earlier of which lava flows reached the sea, a symptom of high 
intensity, only twice repeated in modern times. The unique authority 
for these events is Petrus Damianus, a prolific and most singular 
polemical writer of the early eleventh century, monk and cardinal, 
whom Balzani deseribes as having ‘treated in prose and verse every 
possible subject, whether in literature, homilies, lives of saints, political 
or religious treatises. Some confusion exists regarding the dates of 
these eruptions. This arises from the fact that the years in which 
they occurred are unmentioned, although names are given instead of 
petty princes with whose deaths they synehronized, the coincidence 
being interpreted in a manner usual to the times. Later on we find an 
extract of Peter’s account appearing in a postseript to Leo of Marsi’s 
*Chronicon ’ under date of 1049, where, unfortunately, the name of the 
reigning duke of Naples, John IITL., is omitted, thus leaving it uncer- 
tain which one of the numerous family of Capuan princes was intended. 
Recently the tangle has been unraveled by the Neapolitan historian 
Capasso,° who is no doubt correct in assigning the events in question to 
the years 968 (in lieu of 982) and autumn of 999, respectively. By a 
fortunate chance, the original draft of Leo of Marsi’s chronicle is still 
preserved at Munich, and, with its erasures and numerous additions, 
clearly shows what use was made by the author of his materials in pre- 
paring finished copy. 

For a brief mention of the eighth recorded eruption we are indebted 
to a wandermg monk, Rodulphus Glaber, of whom Ihittle is known 
except that he lived at various monasteries, including those of Béze and 
Cluny, after having traveled extensively in Italy. His history, pub- 
lished 1047, is not without value for contemporary events, and is 
regarded as reliable in the main, hence no reason appears for doubting 
his account of a violent eruption in 1007. By some anthors the passage 
has been understood to read seven years before instead of after the 
milleniuin, hence the earlier date is often incorrectly given in eata- 
logues of eruptions. Mabillon reealls that the year 1006 was 


*Ueo Balzani, * Le cronache italiane nel medio evo.’ 2d ed. (Milan, 1900). 
The eomplete works of Petrus Damianus are edited by Migne, ‘ Patrolog, lat.,’ 
Vols. CXLIV., CALYV. (Paris, 1853). Cf. Opuseulis xix., e. 9 et 10. 

®°B. Capasso. ‘Monumenta Neapolitani Dueatus,’ Vol. L, p. 114. For an 
aecount of the Pandulf line of prinees, see the artiele by M. Sehipa in Arehtv. 
Slorico Prov. Napoletane, ann, XI, (1887), p. 254, and eompare the gencalog-— 
ieal table given in Ptlugk-Harttung’s ‘Iter Italieum,’ p. 711. \ 
VOL. LXIX.—J6, 
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Fig. 1. VESUVIUS AS REPRESENTED IN ROMAN TIMES. From facsimile engraving of a 
Pompeian fresco in ‘ Pitture d’ Ercolano e dintorni.’ 


memorable for a number of calamitous happenings, and suggests that 
the injury wrought by Vesuvius of which Rodulphus informs us may 
have fallen properly about that time. Bonibs were projected on that 
occasion to a distance of three miles, issuing from a greater number of 
orifices than usual, and the noxious gases accompanying the eruption 
rendered the country round about uninhabitable.® 

An interval of thirty years ensued before the ninth eruption (1037), 
which was succeeded by a little over a century’s repose. After 1139 
no further disturbance is known to have taken place until early in the 
sixteenth century, although Mount Epomeo, in the neighboring island 
of Ischia, was active in the year 1302. Brief records of the ninth and 
tenth eruptions are found in monastie chronicles, compiled in near-by 
abbeys, and of noteworthy importance. Foremost should be mentioned 
the monastic histories written during the eleventh century at Monte 
Cassino, a famous abbey of ancient foundation and mother of all Bene- 
dictine monasteries, which shone like a light in the dark ages. Of 
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Fig. 2. VESUV1US ABOUT THE YEAR 1500. From the earliest known engraving of the mountain 
and surroundings, printed 1514. 19, Palma; 23, Sarnus fl.; 24, Pompeii; 29, Turre Nunciate ; 
31, Herculaneum ; 82, Marilianum’; 33, Fonuhanuny) 35, Paliepolis; 38, Sebethus fi.; 39, Neapolis. 


oN. G. H,, SS., Vol.’ VIL, p. 61. 
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micrest for our present purpose are the ‘Annales Casinenses’ (1000- 
1212).7 a compilation by various monks whose names are unknown; the 
*Chronicon Casinensis * of Leo of Marsi, better known, after becoming 
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7M. G. H., SS. Vol. XIX., pp. 306, 309. 
®Ibid., Vol. V11., pp. 670, 684. 
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Bishop of Ostia, as Leo Ostiensis, one of the most sober and important 
of Italian historians; the ‘ Annales Cavenses’ (569-1318),® produced 
by another famous monastery near Salerno; and finally the ‘ Chroni- 
con’ (1102-1140)'° of Faleo of Benevento, notary, judge and papal 
chancellor, to whom posterity is indebted for precious information. 
These contemporary sources contain all that is known of the ninth and 
tenth Vesuvian eruptions. Details are wanting, but it is said of the 
former that it happened in January, 1037, and lava flows reached the 
sea; the duration of the latter (1139) is stated in one account to have 
been eight, in another, forty days. Critical estimates of the documents 
above referred to will be found in various works dealing with the 
sources of medieval history, amongst which it will be sufficient to men- 
tion an article by Hirsch on ‘ Desiderius of Monte Cassino.!* Our 
review of the chronology of eruptions in the early middle ages is now 
completed. 

There remaims to be considered a question that has often been 
asked, and variously answered: was the form of Somma- Vesuvius essen- 
tially the same in antiquity as we know it to-day, or were the ancients 
acquainted with only a single crateriform summit whose broken wall 
now partially encircles the newer cone? The only reason for raising 
the inquiry at all is that neither by direct statement nor by implication 
do any of the ancient authors allude to Vesuvius as a double-peaked 
mountain, and the older topographic descriptions can with difficulty be 
reconciled with the present form of the voleano. It appears indeed 
passing strange that Strabo, Pliny, Cassius Dio and Procopinus should 
all have remained silent respecting the most salient feature of Vesuvius 
as viewed from the west, in case its twin peaks presented to their eyes, 
as they do to ours, almost identical outlines. Yet, accepting their 
accounts at face value, the only conclusion possible is that the younger 
cone has been entirely bmlt up during the middle ages, a far shorter 
interval than is demanded by geologic evidence. <A time allowance of 
barely a thousand years (or at the most fifteen hundred, if we leave 
Procopius out of the reckoning and admit the correctness of Leone di 
Ambrogio’s figure of a double summit in 1514) for the formation of the 
eentral cone is absurdly imadequate, the number of eruptions con- 
tributing towards it too few, and their intensity too slight, to have 
performed the work. This we know from the present slow rate of 
accumulation, and from the relatively unimportant changes wrought 
by even paroxysmal eruptions. And it may well be doubted whether 
the convulsion of 79 A. D. was of more violent character than those of 
16351 and 1906, these three exceeding all others in intensity. 


®Tbid., Vol. III., p. 189. 
* Muratcri, R. 7. 8., Vol. V., p. 128. 
" Forsch, deutsch, Gesch., Vol. VIL, 1867, pp. 1-112. 
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Fig. 4. ATTEMPTED RESTORATION OF THE PARTHENOPIAN VOLCANO AS IT APPEARED IN 
STRABo’s Time. After Pellegrino, 1651. (The site of Veseri is conjectural.) 


The problem of the geologist is to determine the past eondition of 
things from what he is able to find out from the present. Nevertheless, 
the tendeney of popular opinion has been to subordinate geologic to 
documentary evidenee, and the majority of standard works continue to 
uphold the view that Vesuvius proper was non-existent at the time 
Herculaneum and Pompeii were overwhelmed. As positive a statement 
of this view as any is the following, from Professor Phillips’ excellent 
work on * Vesuvins*: 

Somma, the broken crest of a greater and earlier voleanic crater, has been 
unmoved in place, unchanged in form and height, through eighteen centuries; 
a grand and awtul frazment left after the poetic ‘struggle of earth and sky,’ 
and full of peeuliar records of the combat. Vesuvius, born of Somma, and 
seated within the encircling grasp of its parent, is a variable heap thrown up 
from time to thne, and again, not seldom, by a greater effort of the same force, 
tossed away into air, . . . Thus two classes of forins arise in the history of 
Vesuvins: one may be called the old or Somma form, left after violent and 


exhaustive efforts of the voleano; the other the new form, in which Vesuvius 
takes a place unrecorded in ancient history (p. 174). 


Equally confident is the tone assnmed by Professor Judd, in his 


volume on * Volcanoes.’ in the International Science Series: 


Nothing is more certain than the fact that the Vesuvius upon which the 
ancient Romans and the Greek settlers of southern Italy looked, was a moun- 
tain differing entirely in its form and appearance from that with which we are 
familiar. The Vesuvius known to the ancients was a great truncated cone, 
having a diameter at its hase of eight or nine miles, and a height of about 
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4,000 feet. The summit of this mountain was formed by a circular depressed 
plain, nearly three miles in diameter, within which the gladiator Spartacus, 
with his followers, were besieged by a Roman army (p. 83). 

The above description is reinforced by a figure of a truncate 
colossus, supposed to represent Vesuvius in the time of Strabo, a 
graphic portrayal that has been popular ever since the first attempt in 
this direction was essayed by Camillo Peregrino,*® in 1651. Strange as 
it may seem, some writers have been misled into supposing that such 
was the actual form presented by the mountain in the middle of the 
seventeenth century. As a matter of faci, all these fanciful restora- 
tions of the Somma form of crater, however cleverly they may interpret 
geological evidence, and to that extent suggest remote prehistoric condi- 
tions, can not be considered as having any real historical founda- 
tion. For we have no right to interpret literary documents in a manner 
wholly discordant with what is known of the structure and behavior of 
the mountain itself, but rather should first seek to establish their 
credibility by scrutinizing them in the light of ascertained facts. If 
it has been easy to misconstrue Braccini’s account of the crater in the 
first quarter of the seventeenth century, should we not be wary of 
accepting the usual rendering of ancient authors? And who is so bold 
as to claim that the huge truncate cone of which Strabo is commonly 
understood to speak finds any visible support in Pompeiian wall fres- 
coes, of which several representing Vesuvius in a more or less idealized 
fashion have been discovered? Impressionistic as all of these paintings 
are, it is not difficult to perceive that the local scene which caught the 
artist’s fancy was after all not very different from that which still meets 
our gaze from within or hard by the disinterred city.” 

We may affirm, then, this conclusion: there is no good reason to 
suppose that Vesuvius appeared materially different in the yesterday of 
one or two thousand years ago than it does to-day. The summit of the 
younger cone, still partially encircled by the ancient Somma rin, has 
been undergoing comparatively shght modification throughout probably 
the whole course of human history. And we must perforce believe it 
to have been existent even before the race of man had appeared on the 
face of the earth, and had begun to acquire dominion over it. 


2+ Discorsi della Campania Felice” p. 309. (Naples, 1651.) 


18 For a recent and interesting discussion of this whole matter, and also of 
the events of the Plinian eruption, one may consult the following: Enrico 
Cocchia, ‘La forma del Vesuvio, an essay reprinted in Volume III. of his 
‘Sagei Filologici’ (Naples, 1902); and S. Herrlich, ‘ Die antike Ueberlieferung 
fiber den Vesuv-Ausbrueh im Jahre 79. Beitr. zur alten Gesch., Vol. IV. (1904), 
pp. 209-226, 
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THE new engineering building of the 
University of Pennsylvania was dedi- 
cated on October 19, in the presence 
of delegates from over one hundred 
scientific imstitutions and societies and 
representatives of six leading foreign 
nations. The building was open for in- 
spection in the morning, and after 
luncheon had been served in the build- 
ing the formal ceremonies took place. 
Provost Harrison accepted the building 
on behalf of the trustees, thanking 
especially Professors and 


OF 


Spangler 


Marburg, the heads of the departments 
of mechanical, electrical and civil engi-— 


neering that oceupy the burlding, the 


son, the workmen and the numerous 
donors who had made the building pos- 
sible. 
was conferred on a number of eminent 
engineers, and the principal addresses 
were made by Mr. Frederick W. Tay- 
ler, the president of the American So- 
ciety of Mechanical Engineers, and Dr. 
Alexander C. Wumphreys, president of 
the Stevens Institute of Technology. 
The building, a view of which and a 
plan of the first floor are 
shown in the accompanying illustra- 
tions, is the largest of the seventy 


The degree of doctor of seience 


general 


buildings now occupied by the Univer- 
sity of Pennsylvania, having a front- 
age of 300 feet and a depth of 210 feet. 
The equipment, 
almost dollars. It is of 
fire-proof construction, and the equip- 


cost, including was 


one millien 
ment is of the most modern and ap- 
proved type. The exterior is of dark 
brick. with limestone trimmings, and 
the general architectural treatment 1s 
in the English-Georgian school, in ae- 
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cord with the later university halls. 
There are three stories, the total floor 
areca being 128,000 square feet. The 
heating is by direct steam; the venti- 
lation by electrieally-driven fans, and 
the lighting by electricity. The steam 
for the engines is supplied from the 
central station of the university, and, 
after being used by the engines, is sent 
into the heating system of the building. 
There are two principal entrances lead- 
ing to the main hallway, which extends 
east and west the entire length of the 
building to staircases at both extremi- 
tics. The basement contains locker 
rooms, lavatories, machinery for heat- 
ing and ventilating, storage battery 
rooms, laboratories for geodetic and 


_hydraulie work, and for the testing of 
architects, Messrs. Cope and Steward-- 


the materials of construction. On the 
first tloor, adjacent to the main en- 
trance, are the offices of the heads of 
departments, the eastern part of the 
building being devoted entirely to the 
civil engineering department, and the 
western part to the mechanical engi- 
neering department. Aecommodation is 
provided for physical and hy- 
draulic testing, instrument testing and 
in mechanical and 
electrieal engineering. Rooms are like- 
wise set aside for dynamos and _ elec- 
tric 
refrigerating apparatus, hydraulie mo- 


also 


for special work 


motors, steam and gas engines, 


tors, boiler testing. pattern-making, 
wood and iron working, foundry and 
machine ete. On the second 


floor ix a reference library and reading 


shops, 
room, a students’ assembly room, rooms 
for the use of instructors and for lee- 
tures and recitations. The rear portion 
of this floor is devoted almost wholly 
to drawing rooms. A room for the use 


of the engineering soeicties, a general 


supply store, and the library staek oc- 


POPULAR SCIENCE MONTHLY 


568 


VINVATASNNGA JO ALISUBMAIN(Y) AHL 10 DNIGTING DNIVAANION GY TAL 


THE PROGRESS 


N 


OF SCIENCE 569 


FIRST FLOOR. 


GROUND PLAN OF THE ENGINEERING BUILDING, UNIVERSITY OF PENNSYLVANIA 


cupy the middle portion. In the east 
and west wings ample spaee is assigned 
to the engineering museums, while the 
rear of this floor is set aside exclusively 
for additional drawing rooms, whieh, 
like those just beneath, will have the 
full advantage of a north light. 

The engineering department of the 
university was established in 1874, but 
the constant inerease of numbers in the 
elasses of the departments has neeessi- 


tated their moving into more spaeious | 


quarters three times sinee their found- 
The departments this vear have a 
hundred 
of forty, 
elose of 


ing. 
total enrollment of nearly six 
students, and a teaehing force 

As Mr. Taylor said at the 
his address: “ Philadelphia is the een- 
ter of the largest and most diversified 
group of engineering and manufaetur- 
The 
envineering schools of the University of 
Pennevivania already stand high: but 


ing enterprises in this country. 


it seems tome that the opportunity lies 
open to them even more than to their 
law schools 


This magnifi- 


medieal and 


stand at the very top. 


famous 


eent building, equipped as it is with 


the latest and best of everything, is the 


to. 


first and a great step towards this end. 
But after all, vour largest possibility 
and one which does not exist for, and 
ean not be ereated by, any other Amer- 
iean university, lies in the opportunity 
for bringing your students into close 
toueh and personal eontaet with the 
men who are working in and managing 
the great industrial establishments of 
Philadelphia.” 


THE HARVEIAN ORATION 

THe Haryeian oration, delivered an- 
nualty before the Royal College of Phy- 
sieians, London, was given on October 
18 by Dr. William Oster, regius pro- 
fessor of medicine in the University of 
Oxford, and formerly professor of med- 
ieine in the Jolins Hopkins University, 
who chose as his subjeet ‘The Growth 
of Truth: as illustrated im the diseov- 
ery of the eireulation of the blood.’ 
With and 
wealth of knowledge of the history of 
nedieine and science, Dr. Osler reviewed 


his felicity of expression 


again the instructive story of the dis- 
covery. Though rehearsed now for two 
hundred and fifty vears by Harveian 
orators, the story loses in Dr. Osler’s 


on 
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From a painting by De Reyn, inthe rooms of the Royal Society 
sir William Huggins’s ‘The Royal Society.’ 


> reproduced in 
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hands none of its interest and is well 
worth the repetition. 

By the terms of Harvey's bequest, 
founding the lectureship, the orator is 
among other things enjoined to exhort 
the fellows of the college ‘to search out 
and study the secrets of nature by way 
of experiment.’ The diseovery of the 
cirewlation of the blood is itself a con- 
spicuous illustration of the fruitful 
appheation of the experimental method 
to a fundamental physiologieal prob- 
lem, as well as a type of the evolution 
of scientific truth through the various 
stages, from the accumulation of facts 
and observations to a universally ac- 
cepted explanation. The discovery of 
the general circulation is one of the 
important landmarks in the history of 
science. It evidences, on the one hand, 
in a peculiarly striking manner, the 
overthrow of authority and the birth 
of the modern scientific spirit. On 
the other hand, in the discovery and 


more particularly in the methods by. 
are laid the, 


it was attained 
foundations of experimental physiology 
and medicine, which have contributed 
so inealeulably to human welfare. 

The sixteenth century had witnessed 
notable contributions to the knowledge 
of the structure of the human body. 
The work of Vesalius. Fallopius and 
Fabricius had brought about numerous 
correetions in the anatomy of Galen, 
which had been taught in the sehools 


which 


with bnt little ehange for fourteen een-_ 


turies. The Galenical physiology re- 
mained, however, in complete authority 
on al] matters pertaining to the fune- 
tions of the body. It taught that the 
liver is the source of the blood, one 
kind of whieh flowed to the right ven- 
tricle and thence by way of the veins 
to the Jungs and the general system, 
the other by way of the arteries from 
the left ventricle to the lings and gen- 
eral system. 
blood flowed direetly from the right 
to the left ventricle through the per- 
vious septum of the heart. The mus- 
eular function of the heart in propel- 
the blood unknown, Such 


ling was 


Tt was supposed that the- 
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were the prevailing conceptions in 


Ifarvey’s time. While the lesser cir- 
ewlation had been fully deseribed, its 
function was supposed to be the nutri- 
tion of the lungs. It may be doubted 
whether any one had even glimmerings 
of the greater or systemic circulation. 
The demonstration of this was Har- 
vey’s great work, all the more notable 
since the estimation of the significance 
of a scientific discovery is determined 
by the state of knowledge at the time 
when it is made. 

After studying medicine at Padua 
under Fabricius, the foremost anato- 
mist of the day, Harvey returned to 
London as a general practitioner, and 
in the course of time was appointed 
Lumleian lecturer to the Royal Col- 
ege of Physicians. It was before the 
president, censors and fellows of the 
college and an unusually large com- 
pany of Jaymen that, on April 17, 1616, 
he demonstrated the structure and ac- 
tion of the heart and propounded his 
new doctrine of the general cirecula- 
tion. The formal announcement of the 
"discovery in the De Motu Cordis et 
Sanguinis was, however, deferred for 
twelve years, furnishing an interesting 
instance of delay in the publication of 
a great discovery through fear of the 
prejudices of men. The motive whieh 
actuated Harvey is not far to seek. So 
eomplete was the dominance of the au- 
thority of Hippocrates, Galen and Co- 
lumbus that few would have had the 
temerity to question doctrines which 
had the sanction of the ancients and 
were sealed by general acceptance. 


t 


The new theory was as usual given a 
tardy recognition, and in some parts, 
notably in Franee, was met with open 
hostility. Owing. however. to the care 
and aceuraey in observation and exper- 
imentation, to the fullness of the array 
of evidence adduced, and to the bril- 
lianey of the demonstration, its truth 
could not long be denied. He himself 
lived to see his discovery all but uni- 
versally accepted, oft- 
, quoted statement is well-nigh literally 


and Hobbes’s 


‘true that Harvey, ‘conquering envy, 
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hath established a new doctrine in his, Berlin, 


lifetime.’ Complete and universal ac- 
ceptance was, however, not obtained 


until late in the eentury, even after 


Malpighi had in 1661 by means of the 
newly invented microscope completed 
the demonstration of the circulation by 
tracing the course of the blood in the 
capillaries. In contrast with 
nacity with which traditional concep- 
tions have been adhered to in the past, 
as illustrated in this discovery and its 
reception, and the whole history of sci- 
ence is strewn with more bitter strug- 
gles for acceptanee, it is gratifying to 


note the receptivity of the public mind | 


to new theories in our day and the tol- 
erance and readiness with which they 
are accorded a hearing. 

The significance of Harvey’s work 
lay not merely in the discovery of the 
eireulation of the blood and the pro- 
found changes which it wrought in the 
conceptions of the functions of the body 
and in medical thought and practise, 
great though these were. It lay more 
perhaps in its contribution to the de- 
velopment of scientific method. In the 
words of the Harveian orator, ‘“ here 
for the first time a great physiological 
problem was approaehed from the ex- 
perimental side by a man with a mod- 
ern seientifie mind who could weigh 
evidence and not go beyond it, and 
who had the sense to let the conelu- 
sions emerge naturally but firmly from 
the observations. ‘To the age of the 
hearer, in whieh men had heard, and 
heard only, had sueceeded the age of 
the eve, in which men had seen, and 
had been content only to see. 
last came the age of the hand—the 
thinking, devising, planning hand; the 
hand an instrument of now 
reintroduced into the world in a modest 


as mind 
little monograph of seventy-two pages, 
from whieh we may Jate the beginning 
of experimental medicine.” 
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and secretary of the Berlin 
Academy of Sciences, has celebrated his 
seventieth birthday.—The sum of about 
$5,000 has been subscribed for the foun- 
dation for the advancement of geo- 
graphical study in honor of Dr. von 
Neumayer.—Advantage will be taken 
of the twentieth anniversary of the 
isolation of fluorine to present a gold 
medal to M. Moissan.—In acknowledg- 


ment of his work in metallurgical re- 
search, Professor Henry M. Howe, of 
Columbia University, has received 
from the Russian emperor the order 
of the Knighthood of St. Stanislas. 


Dr. Sven HeEbIN, who by order of 
the government was denied access to 
Tibet from the side of India, is making 
good his entry into western Tibet from 
Chinese Turkestan.—Mr. Walter Well- 
man and Major ITersey have returned 
to this country. The former will go 
to Paris in six weeks to continue his 
supervision of the ehanges in his air- 
ship. Major Hersey will accompany 
the Chieago Reeord-IHerald expedition 
in its attempt to reach the Pole next 
summer. — Captain Roald Amundsen 
sailed on November 8, on the Seandi- 
navian-American steamer /Hellig Olaf, 
for Christiania, where the reeords of 
his magnetie observations in the Arctic 
will be worked out. Captain Amund- 
sen bas presented his entire collection 


to the Norwegian government. The 
new king of Norway has conferred 


upon him the highest decoration of the 
kinydom, the grand cross and cordon 
of St. Olaf. 


A SCIENTIFIC session of the National 
Academy of Seiences was hell at the 
Harvard Medieal Sehool, Boston, be- 
ginning on Tuesday, November 20.— 
The Ameriean Association for the Ad- 
vancement of Science and the twenty 
national scientific societies 
with it in New 
City during convocation week, 
It is ex- 


or more 
affiliated 
York 
heeginning on December 2 
pected that this will be the largest and 
most important meeting of scientific 


will meet 


de 


America, 


mien ever held in 
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f special sets of objects covering Cotton and 
Woolen Fibres, Paper Making, Starches, 
f Pharmaceutical Preparations, ete. 

The quality cf our preparations is un- 
equalled, while the prices are extremely 
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We also offer over 20,000 Lantern Slides 
covering a great number of Educational & 
Subjects, Complete catalogue free. 

WILLIAMS, BROWN & EARLE, 
Dept. eee Chestnut St., Philadelphia, Pa. 
SS SS Sa AL 


of cna Raa 
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THE MOST ACCEPTABLE 


XMAS PRESENT 
FOR OLD & YOUNG . 


DECORATED 
WITH 
HOLLY WREATHS & SPRAYS. 

FULL VARIETY OF OTHER FLOWERS. 

Heads by Wenzell, Keller, Fisher & others. 
1 tb. Size, filled, FineMixed orChocs 1S > 

2lb Size do. 


do. 


ON SALE AT ALL Mieyl bere STORES 
& AUTHORIZED SALES Aen EVERYWHERE. 


STEREOPTICON 
NATURE STUDY SLIDES 


We are just completing fine sets of slides on 
Nature subjects comprising amongst others, 


30 subjects on * Bird Babies” 
30/60 “ Bird’s Nests and Eggs” 
50/60 “Butterflies and Moths” 
40 “A half hour at the seaside” 
16 “Bird’s Beaks” 


Also in preparation a set on Wild Flowers. 

Besides the above we have slides of every 
part of the world. Hlustrated Stories, Bible 
Subjects, Educational and Comics. 


OVER 20,000 SLIDES IN STOCK 
FOR 
SALE OR RENTAL 


Slides, plain, 25c. & 35c. 
Catalogues, 20c. 


Colored, from 60c. each up. 
Hire Lists, free. 


RILEY OPTICAL INSTRUMENT CO. 


New York. 


23 East ees St., 


rl 


= Ss + - 
z ’ ad * twitgt? ' -r 
' 7 n = ~ 
4 
— ls 
4 ‘ 
' 
. 
° 
' 
ps ' 
‘ 
; . 
’ 
- a ‘ 
‘ ‘ 
' - er » ! 
e - 
. ‘ - ‘ - « a 
iy P, - 1% 1 
‘ - A 
: ‘ ‘ 
’ ' , 
. : “ie ¥ 
5 i 
2 4 = ' on i *y 
; oe ’ ‘ -- t 
. - a. Th = ‘ - ‘ 
. . Ke s -« ,.6 . - 
= ‘ 
i. ‘ 
/ - . 
‘ i . ' 
' - 
" = ‘ 
‘ EPs . ‘ 
' ” = § ‘ e = 
ory ‘ ne 7 
= A $ sa 
‘ t - 
4K ' . ‘ 
‘s y ? a E 
al . ' a i E “10 
7 : ' , 7 “ . , 
a ait ' 4 : 
‘ ' - - ‘ > 
mn , 2 4 p ' (a - . ' S - 
7 . 
: t 7 ‘ “ , ie. - ft 
. ' ’ ’ ' 3 we — = 
.. ram Lt a, as ‘ . - 
‘ “ ’ . “< x 
‘ i« iG 1 et) aD, - . 
‘ ‘ © 
£ =. ' 
t = ‘ : . 
= Ym ' ' ' is 7 ? - ‘ 
; 7 1 i | ae to es . Py ‘ * et 1" 
‘ - ‘ ‘ 4 - . ' 
R - P , ‘ ‘ ’ 
ns ic » "¢ . : * : " . 4 
4 7 , ‘ . - ° i ‘ 
‘ ha : 
i i ' . 
, i e ’ - * ‘ ‘ f . a = % 
; : ' ' ' 
a t “At A cu. a y er — - 2 3 
. 2 - y ay? 2 . e “ - oi ' 
‘ 
‘ ‘ ‘ ‘ 
' »'y y ee cs ’ — - ° : 
' - ‘ ' Z 
‘ . ‘ ‘ . . a 
ry oh’ 1- . Ve ae 7 y 
: F i? > 8 ‘. ene . - i . 
‘ i 2 ° - we a ' 
‘ ‘ ‘ ‘ - 
P ' - ’ . e ' t 
- ‘ — » . i * > 1 _ ', - ‘ 
. x : : 
- ‘ -- ¢ 3 ' ' E ' - ' 7 
*.! wi n . ' . - - ‘ ‘ = 
am | 3 . <i al r - 
' - sj ’ - ‘ 
’ * 
< ' ran) . . ' e & ,¢ - - = 
. . ' . Py 
. ° us es 
2 ‘ ‘ = 5 ;* _ = . ' _ 
- ' . . - 
4 ' - : - we? ' 4 oe . 
mi ' » # ‘ .: = 5 Rae = ° 
' 4 - 1 a aaah : . cry : 
' 3 ‘ it ‘ 
F . ° . ‘ 7 
4 fll F 5 = 3, z+ . 
a Po ’ sal i+ ** . ’ ' . L > ' 
uw hue . - = * 6, ’ ireee ' - Few <= 
“pte 4 oe y a st, .* = - . ‘ i ‘ P LA 
J f =<: - , : -  - - . - 
we Ps" ’ Ln - cae = * gh 
he my ea? -- - . . ' a ‘ -«* 


